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Individuals with cardiovascular disease are at an increased risk for anxiety, 
depression, stress, and other negative cognitive processes.  Following a cardiovascular 
event such as a myocardial infarction or open heart surgery, cardiac rehabilitation (CR) 
can have large physical and psychological benefits.  This study investigates the role of 
depression, anxiety, and rumination on CR outcomes including program completion 
and fitness improvements.  Fifty-one patients with cardiovascular disease who were 
enrolled in CR were tracked over the course of their treatment.  Objective fitness 
testing was completed prior to and after CR program completion.  Self-reported 
psychological, health, and fitness data were gathered at weeks 1, 3 and 8 of CR for 
each participant.  In this study, CR drop-out was predicted by participants who had 
poorer emotional wellbeing, better self-rated general health, and lower levels of 
rumination.  Initial physical functioning was predicted by depression, while post 
physical functioning was predicted by both rumination and anxiety.  Participants also 
reported significant health, fitness, and psychological improvements over the course of 
CR.  Overall, this study demonstrates the positive effects of CR on wellness. While 
depression and anxiety had a negative impact on fitness and program completion, 
xii 
higher levels of rumination were associated with more positive outcomes in terms of 











The National Institute of Health estimates that 26.8 million non-
institutionalized adults in the United States currently suffer from cardiovascular disease 
(CVD; Pleis, Ward, & Lucas, 2010).  CVD is and has long been the leading cause of 
death for American men and women.  In 2009, the Center for Disease Control and 
Prevention estimated that 599,413 US deaths were the result of heart disease (Hoyert & 
Xu, 2012).  It currently accounts for 26% to 30% of all deaths in the United States each 
year (Heron, Murphy, Jiaquan, Kochanek, & Betzaida, 2009).  The estimated economic 
cost of treating and managing CVD in 2009 was roughly 300 billion dollars after 
accounting for health care services, medications, and lost productivity (Lloyd-Jones et 
al., 2010).  While advances in medicine have improved the long term outcomes for 
individuals diagnosed with CVD, the American Heart Association (AHA) estimated 
that 470,000 individuals had a recurrent cardiac event in 2010.  
Psychosocial Consequences of Cardiovascular Disease 
 The relationships between CVD and mood symptoms have been thoroughly 
investigated.  In the general United Stated population, the Center for Disease Control 
and Prevention (2010) estimated that 8.7%-9.3% of all adults meet criteria for major 
depression or dysthymia in any 2-week span.  Estimates of the lifetime prevalence rate 
of depression among adults ranges between 13.0% and 16.6% (Bromet et al., 2011; 
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Kessler et al., 2005; Musselman, Evans, & Nemeroff, 1998).  However, the estimated 
point prevalence of depression within a population diagnosed with CVD rises to 
somewhere between 15% and 20% (Lavie, Milani, Cassidy, & Gilliland, 1999; 
Musselman, Evans, & Nemeroff, 1998).  The AHA estimates that individuals with 
CVD are approximately 3 times more likely to experience major depression compared 
to a community sample (Rozanski, Blumenthal, & Kaplan, 1999).  Furthermore, the 
prevalence of depression symptoms following a cardiovascular event may be 
particularly high for women (Lavie et al., 1999; Szczepanska-Gieracha, Morka, 
Kowalska, Kustrzycki, & Rymaszewska. 2012).  Anxiety symptoms also appear to be 
exacerbated for individuals diagnosed with CVD.  There is an estimated 1-year 
prevalence rate of 10.6% in the general population for having at least one diagnosable 
anxiety disorder; however, the Diagnostic and Statistical Manual of Mental Disorders 
(4th ed., text rev.) estimates that the point prevalence of generalized anxiety disorder to 
be only 3% (American Psychiatric Association, 2000; Somers, Goldner, Waraich, & 
Hsu, 2006).  In a community sample of older adults with CVD, the prevalence rate of 
diagnosable DSM-IV-TR anxiety disorders was estimated at 14.8% (Grenier et al., 
2012).  
Beyond the traditional vascular, smoking, unhealthy diet and physical inactivity 
risk factors for CVD, several psychosocial factors also have a prospective influence on 
the likelihood of an individual to develop CVD.  Emotional factors such as anxiety, 
depression, and anger/hostility have all been shown to be putative risk factors for CVD 
(Dimsdale, 2008; Rozanski, Blumenthal, Davidson, Saab, & Kubzansky, 2005; Suls & 
Bunde, 2005).  The stress resulting from low social economic status, work status, 
3 
marital problems, and decreased social support also can contribute to adverse cardiac 
events (Rozanski et al., 2005).  Furthermore, these risk factors do not operate in 
isolation and often overlap or cluster together.  When studied independently, anxiety, 
depression, stress, social support/isolation, and hostility/type A personality traits all 
negatively impacted health outcomes for individuals diagnosed with CVD (Kuper, 
Marmot, & Hemingway, 2002; Rozanski, Blumenthal, & Kaplan, 1999; Smith & Ruiz, 
2002; Suls & Bunde, 2005).  When these psychological factors were studied together, 
anxiety and depression symptoms were the largest psychological predictors of a 
recurrent CVD event (Grewal, Gravely-Witte, Stewart, & Grace, 2011).  Depression 
symptoms carry a relative risk comparable to hypertension, smoking, diabetes, and 
high cholesterol when looking at the occurrence of future CVD (Rozanski et al., 2005).  
In a study including 15,000 cases across 52 countries, a composite psychological 
variable including depression, stress, life events, and locus of control was found to be 
as large of a risk factor for developing CVD as other traditional risk factors (Yusuf et 
al., 2004).   
Not only can psychological factors significantly increase the risk factors for 
CVD, but there is considerable evidence that the presence of anxiety and depression 
after a cardiovascular event can adversely affect the recovery process (Lavie, Thomas, 
Squires, Allison, & Milani  2009; Rozanski et al., 2005).  While internalizing 
symptoms following a cardiovascular event can predict impaired quality of life and 
mortality at 12-months following a myocardial infarction, cardiac rehabilitation or 
exercise training programs have been shown to moderate these negative effects (Lane 
et al, 2001; Yohannes, Doherty, Bundy, & Yalfani, 2010).   
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Cardiac Rehabilitation Following a Cardiovascular Event 
Cardiac rehabilitation (CR) is defined by the AHA as, “the coordinated 
multifaceted interventions designed to optimize a cardiac patient’s physical, 
psychological, and social functioning, in addition to stabilizing, slowing or even 
reversing the progression of the underlying atherosclerotic processes, thereby reducing 
morbidity and mortality” (Leon et al., 2005).  The obvious biopsychosocial orientation 
of this definition lends itself well to holistic and comprehensive care programs 
(Stephens, 2009).  Structured CR programs are specifically well-suited to incorporate 
the key elements of secondary prevention by incorporating elements of risk factor 
reduction, nutrition guidelines, physical activity counseling, and psychological 
monitoring (Stephens, 2009).  In order to monitor and accommodate all of these facets, 
it is recommended that CR programs individualize the care and treatment goals for 
each patient.  This assures that all patients can be assessed for specific risk factors that 
may inhibit treatment gains and improvements in their quality of life (Yohannes et al., 
2010). 
Traditionally, CR is recommended for patients following acute myocardial 
infarctions.  As such, comprehensive CR has garnered strong empirical support for 
reducing mortality and morbidity within this population (Thompson et al., 2003, 
Jolliffe et al., 2001; Rees et al., 2004).  However, patients with other forms of heart 
disease also benefit from CR.  A review of 47 studies which included 10,794 patients 
with histories of coronary artery bypass grafting (CABG),  percutaneous coronary 
intervention (PCI), or a myocardial infarction (MI)  were assigned to CR or care as 
usual. The results found that CR decreased overall cardiovascular specific mortality 
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rates in the long term compared to care as usual (>12 months follow-up; Heran et al., 
2011).  CR also significantly decreased the risk of additional hospital admissions 
within the first 12 months following the cardiac event (Heran et al., 2011).  While there 
is less research investigating the health benefits of CR for patients with histories of 
stable angina pectoris, atherosclerotic peripheral vascular disease, heart transplant, 
stable congestive heart failure, valvular surgery, and ventricular assist devices, CR is 
still considered an empirically supported intervention (Leon et al., 2005; Gibbons et al., 
2002; Hambrecht et al., 2000; Hedbäck, Perk, Hornbland, & Ohlsson, 2001; Jairath, 
Salerno, Chapman, Dornan, & Weisel, 1995; Kobashigawa et al., 1999; Piepoli, Davos, 
Francis, & Coats, 2004).  Regardless of a patient’s precipitating reason for attending 
CR, participation in CR has been shown to significantly improve multiple measures of 
individual fitness (Bjarnason-Wehrens et al., 2003; Lavie & Milani, 1997).  While 
Egger, Schmid, Schmid, Saner, & von Kanel (2008) found that participants’ exercise 
capacity increased significantly after completing CR, participants’ body mass index did 
not improve. Bjarnason-Wehrens et al. (2003) found that CR significantly improved 
participants’ exercise capacity, cholesterol levels, BMI, and ability to stop smoking. 
Psychological Benefits of Cardiac Rehabilitation 
An overwhelming number of studies show that CR has a positive impact on 
psychological variables including: general psychological stress, depression, anxiety, 
and hostility (Becki, Beckstead, Schocken, Evan, & Fletcher, 2011; Blumenthal et al., 
2012; Egger et al., 2008; Lavie, Milani, O’Keefe, & Lavie, 2011; Milani, Lavie, & 
Cassidy, 1996; Sharif, Shoul, Janati, Kjuri, & Zare, 2012; Yohannes et al., 2010).  
Studies consistently report 40% to 50% reduction in the depressive symptoms reported 
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by CR patients who were identified as being depressed at the onset of CR (Lavie et al., 
2011; Milani & Lavie, 2007).  Milani et al. (1996) compared the pre and post CR 
scores of 69 depressed participants and found significant reductions in depression, 
anxiety, and hostility.  This study also indicated that even nondepressed participants 
experienced significantly less anxiety after completing the CR program.  Artham, 
Lavie, and Milani (2008) tracked 500 patients with coronary artery disease as they 
completed CR and found similar results.  The 115 participants who reported the least 
amount of initial psychological distress still experienced a significant decline in their 
levels of anxiety and depression over the course of CR.  Finally, Yohannes et al. (2010) 
found that twice-weekly CR over 6 weeks led to significant improvements in 
depression symptoms, and these gains remained significant even at a 12-month follow-
up screening.  Lavie et al., (2011) found that 27-28% of their CR samples were 
identified as having clinical levels of anxiety.  However, they reported reductions in the 
prevalence of anxiety symptoms by more than 50% at the end of CR.  
The underlying mechanisms of the psychological improvements observed 
during CR involve multiple factors that include behavioral, biological, and social 
changes.  Additionally, there is likely a reciprocal relationship between internalizing 
symptoms and CR outcomes.  Not only does CR improve psychological outcomes, but 
psychological variables impact CR efficacy (Lavie et al., 2011. Szczepanska-Gieracha 
et al., 2012).  While individuals with CVD clearly benefit in many ways from CR 
exercise training, the mechanisms underlying these processes continue to be explored 
and refined. (Lavie et al., 2011; Yohannes et al., 2010).   
  
7 
Known Factors That Influence Cardiac Rehabilitation Outcomes 
 Although CR is an empirically supported treatment for CVD, up to half of all 
participants who are referred to a CR program do not attend (Clark et al., 2012; Dunlay 
et al., 2009).  A review of 90 studies that investigated participants’ reasons for not 
attending CR programs identified multiple factors that influence this decision.  Clark et 
al. (2012) demonstrated that low insight and knowledge about CR, hopelessness about 
possible health gains, female gender, work constraints, conflicting priorities, 
avoidance, and other psychological variables could all decrease the likelihood of 
participants’ participation in CR.  Not only do these factors influence the likelihood of 
not starting a CR program, but many of them are also related to CR outcomes.  The 
likelihood of patients dropping out of CR prior to completing the prescribed treatment 
is also high.  Previous studies recorded drop-out rates ranging from 20 to 60 percent 
(Simms et al, 2007; Worcester, Murphy, Mee, Roberts, & Goble, 2004; Yohannes, 
Yalfani, Doherty, & Bundy, 2007).  In particular, the impact of gender and 
depression/anxiety on CR outcomes has been targeted as significant moderators of CR 
attendance, drop-out, and functional improvement in CR.  Other frequently cited 
factors that affect CR participation include age, illness severity, medical history, and 
past CR experience (Dunlay et al., 2009).  
Gender 
 The largest issue surrounding gender and CR is that women are less likely to 
participate in a CR program and more likely to drop-out (Dunlay et al., 2009; 
Yohannes et al., 2007).  This could be due in part to the financial and social costs of 
CR participation (Clark et al., 2012).  Furthermore, women may receive less social 
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support and may have more family responsibilities that act as barriers to CR 
participation. Women also tend to be more ill compared to men when starting CR.  A 
study that tracked 228 women enrolled in CR found that almost half (42%) of the 
sample was considered “high risk” due to their medical conditions and their level of 
physical fitness (Sanderson & Bittner, 2005).  Lavie and Milani (1995) looked at 
gender differences prior to CR and found that women were more likely to have 
hypertension and diabetes compared to men, and that women had significantly higher 
cholesterol levels, percent body fat, and lower exercise capacities.  Because of these 
differences and the fact that women exhibit higher levels of depression, there has been 
an increasing number of gender tailored CR programs (Beckie, Beckstead, Schocken, 
Evans, & Fletcher, 2011).  As expected, women who complete CR see significant 
health and psychological improvements (Lavie & Milani, 1995; Sanderson & Bittner, 
2005).  However, Lavie and Milani, (1995) are the only investigators to test gender as a 
moderator for psychological and physiological improvement in CR, and they found no 
significant findings.  
Depression and Anxiety  
As mentioned earlier, there is a reciprocal relationship between psychological 
distress and CR outcomes. Moderate to high levels of depression (BDI >14) has been 
shown to be a significant predictor of participant drop-out from CR (Caulin-Glaser, 
Maciejewski, Snow, LaLonde, & Mazure, 2007).  This appears to be a consistent 
finding across multiple other studies (Glazer, Emery, Frid, & Banyasz, 2002; Grace et 
al., 2005; Swardfager et al., 2011). Furthermore, elevated depression can be the 
strongest predictor of CR drop-out when compared to age, gender, race, marital status, 
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diagnosis, and smoking status (Swardfager et al., 2011).  Caulin-Glaser et al. (2007) 
found that the exercise capacity of both depressed and nondepressed participants 
improved over the course of CR.  However, the improvement in exercise capacity for 
non-depressed participants was significantly larger than the improvement observed in 
depressed participants (Caulin-Glaser et al., 2007; Swardfager et al., 2011).  Egger et 
al., (2008) also found that depression was a significant negative predictor of exercise 
capacity improvement after completing CR.  Yet, contrary to their expectations, higher 
levels of anxiety led to larger exercise capacity gains in CR.  They concluded that 
increased levels of anxiety helped motivate participants to engage in exercise more 
intensely (Egger et al., 2008).  Contrary to these results, other studies found that both 
anxiety and depression limit the success of a CR intervention (Kerins, McKee, & 
Bennett, 2011; French et al., 2005; Rees et al., 2004b; Yohannes et al., 2010).   
The Role of Rumination in Cardiac Rehabilitation 
The effects of rumination on CR participation and outcomes have not yet been 
investigated.  However, rumination may be a particularly important cognitive process, 
in addition to depression and anxiety, for clinical providers to identify and monitor as 
patients begin and progress through CR.  As CR programs strive to individualize and 
tailor treatment to each patient’s diagnosis, symptoms, and level of fitness, exploring 
these relationships can continue to increase the effectiveness of these programs. 
Rumination is a cognitive process comprised of self-focused, repetitive, and 
intrusive thoughts that persist over time (Papageorgiou & Wells, 2004).  A large 
amount of heterogeneity is present among the developed rumination 
conceptualizations, and these differences can significantly alter the results and 
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conclusions of a study.  Dysphoric rumination occurs in response to distress and 
involves ruminating on negative thoughts and feelings (Nolen-Hoeksema, Wisco, & 
Lyubomirsky, 2008).  Dysphoric rumination, as measured by the Response Style 
Questionnaire (RSQ) and the Rumination on Sadness Scale (RSS), looks at an 
individual’s repetitive and passive focus on internal symptoms of depression and the 
meaning, causes, and consequences of those feelings (Nolen-Hoeksema, 1991).  
Individuals engage in this type of rumination believing that it will help them generate 
solutions to their distress.  Unfortunately, this type of rumination has been shown to 
promote a passive state during which individuals perseverate on their thoughts, 
feelings, and problems without taking any further action.  The perseveration on the 
negative emotions and affect, not specifically the origin of the distress, is a key feature 
in this conceptualization of rumination (Nolen-Hoeksema et al., 2008).   
Other theorists consider rumination to be an event-based cognitive process 
(Abbott & Rapee, 2004; Clark & Wells, 1995; Kashdan & Roberts, 2007; Martin & 
Tesser, 1996).  For example, Martin and Tesser (1996) posited that rumination is a 
class of repetitive thoughts that is centered on a specific theme or event and occur 
following a discrepancy between a person’s current state versus their expectations.  
Post-event rumination theories move the focus of the cognitions from internal feelings 
to external and concrete events (Abbott & Rapee, 2004).   According to Kashdan and 
Roberts (2007), post-event rumination involves “repetitive thoughts about subjective 
experiences during a recent social interaction, including self-appraisals and external 
evaluations of partners and other details involving the event.”  While the dysphoric 
rumination construct is linked with depression, the situational evaluation of post-event 
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rumination conforms more naturally to symptoms of anxiety (Clark & Wells, 1995; 
Kashdan & Roberts, 2007).   
Rumination, regardless of the conceptualization, has generated a large amount 
of interest as a cognitive process associated with anxiety, depression, and other 
negative psychosocial variables such as negatively biased thinking, poor problem 
solving, impaired motivation, and impaired concentration (Baer & Sauer, 2011; 
Hughes, Alloy, & Cogswell, 2008; Lyubomirsky & Tkach, 2004; Nolen-Hoeksema, 
Stice, Wade, & Bohon, 2007).  Because anxiety and depression are key psychological 
variables that impact the success of CR (Grewal et al., 2011), both forms of rumination 
may be well-suited for predicting CR participation and  health outcomes following CR 
and improving CR programs in general.  
Negative Consequences of Rumination  
Rumination is closely related to intense and negative affect, and individuals 
who ruminate frequently may experience negative physical effects due to long 
exposure to these emotional states.  A strong body of literature currently links 
rumination with prolonged bodily responses (Thomsen, 2006).  Dysphoric rumination 
has a negative impact on physiology by impeding cardiovascular recovery and 
increasing blood pressure (Key, Campbell, & Bacon, 2008; Verkuil, Brosschor, de 
Beurs, & Thayer, 2009; Vickers & Vogeltanz-Holm, 2003).  For example, individuals 
who demonstrated higher levels of rumination remembered stressful tasks, such as the 
Stroop task, longer and showed slowed heart rate recovery (Roger & Jamieson, 1988).  
There is evidence that the effects of rumination can last over longer periods of time. 
When compared to low ruminators, students who scored higher on measures of 
12 
rumination showed slower urinary cortisol recovery three weeks following an 
examination (Roger & Najarian, 1998).  These findings suggest that rumination is 
associated in some manner to both cardiovascular and hormonal responses.  Studies 
that look at health outcomes outside of the laboratory setting frequently use self-report 
questionnaires to assess the physiological health of each person.  Previous findings 
using this method indicate that rumination is able to predict somatic symptoms (Lok & 
Bishop, 1999; Rector & Roger, 1996).  Thomsen et al., (2004) found that within an 
elderly sample, rumination was a significant predictor of self-reported physical health. 
In addition, this association appeared to be mediated by negative affect.   
Rumination and Cardiac Rehabilitation 
There is very little research studying the role and effect of rumination on 
psychological and physical health within a CVD population.  There is even less 
research investigating the role of rumination within a CR context.  Within a CVD 
population, the presence of anxiety, depression, hostility, and other maladaptive 
psychological processes could indicate poor emotional regulation and increased levels 
of rumination (Garnefski et al., 2009).  Fear of death, a recurrent cardiac event, 
physical limitations, and inability to work are frequently listed as causes of anxiety 
following a CVD event (Higgins, Murphy, Nicholas, Worcester, & Linder, 2007).  
These fears could represent, or be similar to, event-related rumination.  Dimsdale 
(2008) suggests that cardiovascular responses to stressors are typically highly 
functional; however, the heart can experience adverse effects if a patient continues to 
propagate the stressor though brooding.  If patients engage in continuous and intense 
rumination, it could possibly lead to poor physical and psychological outcomes in CR. 
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The rumination conceptualizations described above may not necessarily predict 
only negative outcomes.  The Martin and Tesser (1994) conceptualization of 
rumination specifically allows for positive emotions to result following rumination.  
Patients in CR may ruminate in a positive manner regarding their progress in CR.  CR 
staff report that some patients had expected to die from their CVD event, but because a 
medical intervention saved them and the follow-up CR care helps them improve their 
health, they may ruminate about how lucky they are to be alive and experiencing 
improvement. Other patients report frequent thoughts regarding the unpleasantness of 
their CVD event but use these thoughts as a source of motivation to minimize the risk 
of a future CVD event.  In cases such as these, rumination may indicate that patients 
understand the severity of their condition and the importance of CR to improve their 
quality of life.   
Overall, there may be an optimal level of rumination that motivates patients to 
attend CR and allows them to experience the full benefits from the exercise training.  
This would parallel the findings that CR participants with higher levels of anxiety 
experienced the largest fitness gains (Egger et al. 2008).  Patients who report no or very 
low levels of rumination may be ambivalent about their CVD and current health 
problems.  These patients may be less likely to follow through with the recommended 
CR treatment.  Patients with very high levels of rumination may be perseverating on 
their negative emotions and may have more difficulty overcoming the problems that 
arise as part of the CVD and the barriers that may prevent them from attending CR.  
This too may be supported by research showing that elevated levels of depression can 
lead to poor CR outcomes.   
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Specific Research Questions  
As reviewed, there is ample evidence that depression and anxiety are common 
symptoms after a cardiovascular event and that CR has a significant and positive effect 
on these symptoms. This is the first study to adequately investigate the role of 
rumination in CR.  Additionally, the majority of past work looking at the effects of 
psychological variables within CR has looked at each variable in isolation.  This study 
is able to comprehensively look at how illness severity, gender, and rumination impact 
physical, psychological, and self-perceived fitness outcomes in a CR program.  The  
following hypotheses are proposed: 
 
 
1) The overall rates of clinical levels of depression and anxiety will 
be higher than the general population estimates (9.3% for 
depression and 3% for anxiety).  It is expected that females will 
have higher levels of depression and anxiety symptoms and higher 
prevalence rates of clinical symptoms compared to men.  
2) Participants’ levels of depression, anxiety, and rumination will 
decrease while physical fitness will increase as a result of cardiac 
rehabilitation.  These improvements will be moderated by gender 
and severity of illness. 
3) CR drop-out will be more prevalent for females, participants with 
clinical levels of mood symptoms, and higher levels of illness 
severity.  Additionally, participants with very high or very low 
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levels of rumination will be more likely to drop-out of cardiac 
rehabilitation. 
4) High levels of depression and either high or low levels of 












Individuals were recruited through the Phase II Cardiac Rehabilitation program 
at Franciscan St. Elizabeth Health, Lafayette Central Hospital. The CR program at 
Franciscan St. Elizabeth Health, Lafayette Central Hospital is accredited through the 
American Association of Cardiovascular and Pulmonary Rehabilitation (AACPR).  
Patients were invited to participate during their first exercise session following their 
orientation to CR.  Over a 6-month period, 80 individuals entered the CR program and 
completed at least one full exercise session.  Seven of these patients were not invited to 
participate.  Three of the excluded patients did not speak English; three showed signs 
of confusion or cognitive decline, and one patient transferred to Franciscan St. 
Elizabeth from a different rehabilitation program.  Of the remaining 73 eligible 
patients, 54 agreed to participate in the study.  Patients who declined listed reasons 
such as not being interested, feeling overwhelmed, and being unwilling to fill out more 
paperwork.  Three participants who agreed to participate did not return to the CR 
program following their first exercise session.  The final sample consisted of 51 
participants (Table 1).  
 The mean age of the participants was 61.27 (SD = 10.48) years.  The youngest 
participant was 40 years while the oldest participant was 80 years old. Fifty of the 
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participants were Euro-American.  Thirty-five (68.6%) of the participants were male.  
Thirty-eight (74.5%) of the participants were married; five were single; four were 
divorced, and four were widowed.  On average, 23.1 (SD = 18.2) days elapsed between 
the patient’s cardiac event and the start of phase II CR services.  Medical records 
indicated that 9 participants had a history of previous heart disease (2 myocardial 
infarctions, 7 stents/PTCA, and 4 CABG).  
Procedure 
Participants were referred by their medical doctors to the CR program after a 
discrete cardiac event. Cardiac events included myocardial infarctions, bypass 
surgeries, stents or angioplasty, valve repair or replacement, and initial diagnosis or 
exacerbation of cardiomyopathy (See Table 1). The CR program at Franciscan St. 
Elizabeth Health, Lafayette Central Hospital is a comprehensive rehabilitation program 
that involves telemetry monitored exercise, education, and risk factor modification.  
Cardiac rehabilitation staff collected a large amount of information from the 
participants as part of the standard protocol of the program. During the CR orientation 
interview, each participant’s medical health history and current medications were 
recorded. CR staff assessed each participant’s risk factors, previous and current 
exercise levels, orthopedic limitations, and CR goals. The orientation interview 
included a standardized fitness test (described below). At the start of the CR program, 
participants filled out questionnaires that measured their global functioning.   
 Each participant was prescribed an individual exercise plan that accounted for 
the results of the fitness testing, the medical chart review, and orientation interview. 
This information was used to determine each participant’s risk level. Participants were 
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identified as low, moderate, or high risk, and this level determined whether they were 
scheduled for 12, 24, or 36 exercise sessions. Appendix C outlines how the specific 
variables were used to calculate the risk level. The parameters used to determine 
participant risk stratification are the risk factors recommended by the AACPR.  While 
other CR programs could calculate risk stratification using a different method, the 
AACPR accreditation procedure and insurance policies ensure that the majority of CR 
programs follow the same guidelines.  Participants were encouraged to attend CR three 
times a week for 30 to 60 minutes of exercise each session. 
Following the orientation interview, participants were taught how to use the CR 
exercise equipment and how to report their level of perceived exertion.  During regular 
exercise sessions, participants came at a scheduled time, weighed in at the front desk, 
connected to the telemetry monitors, sat for a resting blood pressure and heart rate, 
stretched and warmed up, and then started their aerobic exercise. A variety of exercise 
machines were available for use by the participants (treadmills, stationary bikes, 
rowing machines, etc.).  Participants consulted with CR staff when choosing their 
specific exercise modalities.   
Additionally, there were 15 voluntary educational classes that covered heart 
healthy nutrition, the benefits of exercise, stress management, risk factor modification, 
and coping with heart disease.  At the end of the program, participants underwent an 
exit interview by CR staff.  The global functioning questionnaire and the standardized 
fitness test were repeated at this time.  Because some participants left the CR program 
without completing the exit procedures, only 40 participants completed the final fitness 
test.  The self-report questionnaires and physiological data are described in detail in the 
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cardiac rehab data section below.  Participants signed a release of medical information 
form that granted the researcher permission to access and record their medical 
information. 
Participants were scheduled to complete a psychological questionnaire packet 
during the first, third, and eighth weeks of their rehabilitation.  The packet consisted of 
seven self-report scales that assessed mood, cognitions, and global functioning 
(described below).  Participants who were only scheduled for 12 rehabilitation sessions 
were only able to fill out the survey twice due to the time constraint.  Due to participant 
drop-out and early CR program completion, the number of participants filling out the 
psychological survey packet decreased at each time point. Week 1 included all 51 
participants, week 3 included 47 participants, and week 8 included 31 participants. See 
Appendix D for a flow chart of study events. 
 Participants received 10 dollars for each packet they completed. Completing 
the packet took participants between 15 and 30 minutes.  If participants were unable to 
fill out their packet at their originally scheduled time, they were rescheduled to do so as 
soon as possible.  Most participants were able to fill out the survey within a one week 
window; however, longer delays did occur when participants did not frequently attend 
CR.  When participants neared the end of their CR, they were given an open ended 
questionnaire to take home and return by mail.  The questions focused on the 





Basic demographic and medical information was collected through each 
participant’s medical record.  This provided age, ethnicity, marital status, smoking 
history, risk factors (dyslipidemia, hypertension, physical inactivity, family history of 
heart disease, diabetes, stress, and obesity), date of the cardiac event, nature of the 
cardiac event, angina symptoms, previous health conditions, and a list of current 
medications.  The medical record also indicated if participants completed, finished 
early, or dropped out of the CR program unexpectedly. 
Psychological Questionnaires 
All of the psychological questionnaires were filled out by the participants at 
weeks 1, 3, and 8.  The following questionnaires were not part of the formal CR 
treatment program.  They were included for the sole purpose of this study. Reliability 
estimates for each measure are included in Table 2. 
Cardiac Rehabilitation Rumination Questionnaire (CRRQ) 
The CRRQ was used to measure event-related rumination in the context of CR 
following an event due to cardiovascular disease.  No event-related rumination scales 
were appropriate for this specific project, so 10 items were developed based on CR 
staff reports of topics that patients frequently mentioned during the course of CR.  Five 
items asked about frequency of positive thoughts that could be specific to CR and 5 
items addressed the frequency of negative thoughts specific to CR.  Participants were 
asked to indicate how frequently, over the past two weeks, they thought about the 
positive and negative aspects of the event that led them to CR.  Responses were made 
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on a 5-point scale ranging from 1 (“Never”) to 5 (“Very Often”).  Because this measure 
was created specifically for this study, there is no historical validity and reliability data.  
However, the current reliability data from this study is presented in Table 2. 
Hospital Anxiety and Depression Scale (HADS) 
The HADS is a self-assessment scale that was developed specifically to detect 
depression and anxiety symptoms in a medical outpatient clinic (Zigmond & Snaith, 
1983).  Since its inception, the HADS has been validated in a variety of clinical and 
community adult populations (Arving, Glimelius, & Brandberg, 2008; Caci, Bayle, 
Mattei, Dossios, Robert, & Boyer, 2003; Herrmann, 1997; Mykletun, Strodal, & Dahl, 
2001).  Of particular importance, this scale has also been validated for patients with 
heart disease (Martin, Thomson, & Chan, 2004).  The scale consists of 14 items that 
are equally split between anxiety and depression statements.  Participants were asked to 
complete the scale by rating how they have felt over the previous 2 weeks using a 4-
point scale ranging from 0 (absence of symptoms) to 4 (severe symptoms).  The HADS 
–anxiety and HADS-depression also has reportedly high internal consistency (anxiety 
Cronbach's alphas between 0.40 and 0.74; depression Cronbach's alphas between 0.67 
and 0.82; Bjelland, Dahl, Haug, & Neckelmann, 2002).  A review of 747 papers using 
the HADS found that using a clinical cutoff score of 8 or higher for both subscales 
resulted in the best balance between sensitivity and specificity when attempting to 
identify depression and anxiety disorders (Bjelland et al, 2002). 
Penn State Worry Questionnaire (PSWQ) 
The PSWQ is a self-report scale developed to measure trait worry that is 
clinically significant (Meyer et al., 1990).  Parallel to the diagnostic criteria listed for 
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generalized anxiety disorder in the DSM-IV, the PSWQ assesses for worry over time 
and situations, the intensity and excessive nature of the thoughts, and the 
uncontrollability of the cognitive process (Molina & Borkovec, 1994).  The PSWQ 
also has reportedly high internal consistency within clinical populations (Cronbach's 
alphas between 0.86 and 0.93; see Brown, et al., 1992).  Studies investigating the 
structure of the PSWQ typically result in strong support for a single worry dimension 
(van Rijsoort, Emmelkamp, & Geert Vervaeke, 1999).  Participants were asked to rate 
16 statements on a scale of 1 (“Not at all typical of me”) to 5 (“Very typical of me”).  
Perceived Stress Scale (PPS) 
The PPS is a 10-item self-report scale developed to measure the degree to 
which each participant perceives and appraises recent life events as stressful (Cohen & 
Williamson, 1988).  The PPS has been shown to have adequate internal consistency 
(Cronbach's alpha = 0.78; Roberti, Harrington, & Storch, 2006).  Participants were 
asked to reflect over the previous two weeks and answer questions regarding their 
feelings and thoughts on a 5-point scale that ranges from 1 (“Never”) to 5 (“Very 
Often”). 
Ruminative Response Scale-Short Form (RRS) 
The RRS was developed as a measure of dysphoric rumination (Treynor, 
Gonzalez, & Nolen-Hoeksema, 2003).  The short form version of this scale is an 
adaptation from the original 22-item RRS developed by Nolen-Hoeksema (1991).  The 
RRS looks at two specific rumination factors: brooding and reflection. The brooding 
factor is considered the more maladaptive factor which represents the worried 
preoccupation aspect of rumination and is assessed using 5 of the 10 items of the RRS.  
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The reflection factor is thought to represent the introspective aspect of rumination and 
is constructed using the remaining 5 items.  Using a 5-point Likert scale (1 = “Never”; 
5 = “Very Often”), participants will answer questions regarding how they typically 
respond to a sad mood. Treynor et al. (2003) reported good internal consistency for 
both the brooding (Cronbach's alpha = .77) and the reflection (Cronbach's alpha = .74) 
subscales.  For this study, two items were slightly reworded to specifically reference 
the participant’s cardiac event.  
Rumination on Sadness Scale-Cardiac Version (RSS) 
The RSS is an alternative measure of dysphoric rumination developed to 
address many of the criticisms faced by the RRS measure (Conway, Csank, Holm, & 
Blake, 2000).  The original version of the RSS asks participants to report their level of 
rumination when in a negative or sad mood.  The scale has been used with both clinical 
and non-clinical samples and elicits responses to 13 items on a 5-point Likert scale (1 = 
not at all; 5 = very much).  Conway et al. (2000) reported good internal consistency 
(Cronbach's alpha = 0.88) for the measure in a non-clinical sample.  In order to 
increase the relevance of the questions for the CR participants, seven of the 13 items 
were minimally reworded.  Within these items, the word “sadness” was replaced with 
the phrase “cardiac event.”  
Self-Reported Physical Functioning 
Short Form-36 Health Survey (SF-36) 
The SF-36 is a health questionnaire developed and distributed by RAND.  
Originally, it was used as part of a RAND study designed to explain variation in 
medical patient outcomes.  The SF-36 consists of generic, coherent, and easily 
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understood questions that assess an individual’s quality of life.  This measure is now 
utilized by a large number of managed care organizations and Medicare as part of 
routine monitoring and assessment of health outcomes for adult patients (Hays, 
Sherbourne, & Mazel, 1993).  The SF-36 contains 36 items that examine 8 health 
domains: physical functioning, pain, role limitations due to physical health, role 
limitations due to psychological health, emotional well-being, social functioning, 
energy level, and general health.  The 36 items are a mix of true or false responses and 
Likert ratings which are used to create 8 scales that correspond directly to the 8 health 
domains.  Appendix E shows which items fall under each of the 8 domains.  The 
number of items and the reliability estimate for each of the 8 scales is included in Table 
2.  A number of studies have favorably reported evidence for the validity of the 
measure (Jenkinson, Wright, & Coulter, 1994; Keller et al., 1998; McHorney, Ware, & 
Raczek, 1993).  The SF-36 was administered as part of the psychology survey packet 
that was administered to participants at weeks 1, 3, and 8.  Estimates of internal 
consistency were higher than 0.78 or higher for every scale (Hays et al., 1993) 
The Dartmouth COOP (COOP) 
The COOP uses nine single item illustrated scales that measure core aspects of 
functioning.  Domains include physical fitness, feelings, daily activities, social 
activities, pain, social support, change in health and overall health.  The nine scales can 
be broken into areas of current functioning, overall well-being, and quality of life.  
Each scale consists of a title, simple question, and five response statements.  Each 
possible response is described both in words and with an illustration along a 5-point 
ordinal scale.  High numbered responses represent impaired functioning or negative 
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states.  The COOP manual indicates that it is both a reliable and valid instrument for 
assessing the nine domains across a variety of healthy and clinical populations (see van 
Weel, Konig-Zahn, Touw-Otten, van Duijn, & Meyboom – de Jong, 1995).  This 
COOP was part of the formal CR program and was conducted prior to and after 
completing CR. 
Objective Physical Fitness Variables 
The Six Minute Walk Test (6MWT) 
The guidelines for the 6MWT were developed by the American Thoracic 
Society Functional Standards Committee.  The 6MWT is preferred to other exercise 
tests because it is easy to conduct, can fairly accurately predict morbidity and mortality 
from heart disease, and is better tolerated by elderly and medically ill patients 
compared to more stringent fitness tests.  The 6MWT is frequently used to test the 
effectiveness of pulmonary and cardiac rehabilitation treatments (American Thoracic 
Society, 2002; Enright, 2003).  For the 6MWT, participants were instructed to wear 
comfortable clothing and shoes appropriate for walking.  Participants were instructed 
to “walk as far as possible for 6 minutes.”  Participants walked back and forth along a 
100ft segment of the hallway.  The primary variable for the 6MWT is the distance, in 
feet, that participants are able to cover in 6 minutes.  Ancillary 6MWT variables 
include each participant’s resting, peak, and recovery heart rates measured in beats per 
minute.  Participant’s resting, peak, and recovery blood pressures (systolic 
mmHg/diastolic mmHg) were also collected.  Each participant’s weight, height, Body 
Mass Index, and percent body fat were also taken at this time.  This fitness test was 
part of the formal CR program and was conducted prior to and after CR (Appendix D).  
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Qualitative Data 
Prior to exiting the CR program, participants were asked to respond to five 
open-ended questions regarding their experiences going through CR.  The questions 
asked about anticipated, positive, and negative aspects of their CR experience. The 
questions included 1) What changes in your health were you hoping to see by coming 
to Cardiac Rehab?  2) What results do you think you have achieved?  3) What do you 
believe has helped you achieve these results?  4) What did you not achieve that you had 
hoped to?  5) What do you believe hindered you from achieving more?  Participants 
were asked to fill out the questionnaire at home and were provided with a pre-stamped 











Statement Regarding Organization and Structure of the Results Section 
 Because of the length and complexity of the results section, it is beneficial to 
describe how the results section is organized.  As with the methods section, the results 
are presented by variable category in the following order: demographic, psychological, 
self-reported health and fitness, and objective physical fitness.  For each variable 
category, the interrelationships among the variables are described; the effects of gender 
and illness severity are defined; and the changes seen over time are reported.  The first 
demographic variable section is shortened since demographic variables did not change 
over time and because the interrelationships among the variables included gender.  
Additionally, the final portion of the quantitative results is also structured slightly 
differently since it is designed to pull all of the categories together in order to predict 
program completion and fitness outcomes.  A summary of the qualitative survey 
responses is included at the end of the results section. 
Demographic Variables 
Interrelationships Among Demographic Variables 
Participant characteristics were compared by gender (Table 1).  The 16 female 
participants had higher percent body fat compared to the 35 male participants.  
Participants’ BMI, which takes into account height (females were significantly shorter 
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and tended to weigh less) did not differ between genders.  Males and female 
participants did not differ significantly by age (t(49) = -0.331, p = 0.742).  Female 
participants had significantly fewer cardiac events compared to men, and a trend 
indicated that female participants waited longer to start CR following their cardiac 
event (F(1, 48) = 1.97, p = 0.094).  When looking at the cardiac event(s) that prompted 
participants to attend CR, no female participants experienced a myocardial infarction 
while almost half of all male participants received this diagnosis.  In this sample, 
female participants were more likely to have experienced valvular repair/replacement.  
Comparison of participants’ risk factors indicated that females were less likely to 
report a family history of heart disease; however, male and female participants did not 
differ on any of the other risk factors.  
Risk Stratification 
Cardiac Rehabilitation staff placed each participant into a low, moderate or high 
risk group after evaluating their risk factors and physical functioning (see Appendix C).  
The demographic characteristics for these groups are presented in Table 3.  Four 
individuals were placed into the low risk group, 33 individuals were placed into the 
moderate risk group, and 14 individuals were placed into the high risk group.  The 
moderate and high risk groups did not differ on any of the demographic (age, gender, 
height, weight) variables.  The low risk group had a lower BMI and percent body fat 
compared to the moderate and high risk groups.  The 4 individuals in the low risk 
group also had fewer identified risk factors compared to the other groups (see Table 3).  
There were no differences among the likelihoods of the different medical events 
between the three groups.  All individuals with cardiomyopathy were placed in the 
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high risk group due to their low ejection fractions (less than 40 percent).  Differences 
in the prevalence of the risk factors were compared across the low, moderate and high 
risk groups.  A significantly larger proportion of the high risk participants continued to 
smoke cigarettes after their cardiac event compared to the other two groups.  
Additionally, a significantly lower proportion of the individuals in the low risk group 
had dyslipidemia compared to the moderate risk group (See Table 3).  However, the 
finding regarding dyslipidemia should be interpreted with caution since the low risk 
group only consists of 4 individuals. 
Psychological Variables 
Interrelationships Among the Psychological Variables  
 Participants completed the psychological measures at weeks one, three, and 
eight.  The descriptive information for each measure at each time point is presented in 
Table 2.  The psychological measures had acceptable to excellent internal consistency.  
Cronbach’s alphas averaged across the three time points ranged from 0.77 to 0.94.  The 
Cronbach’s alpha for each measure by week are presented in the diagonals of Tables 4, 
5, and 6.  The overall prevalence of clinical depression (estimated by HADS- 
depression scores ≥ 8) was estimated to be 17.6 percent at week 1.  This is 
significantly higher than the estimated population prevalence of 9.3 percent (p = 0.04).  
The overall prevalence of clinical anxiety (estimated by HADS- anxiety scores ≥ 8) 
was initially estimated to be 27.5 percent (Table 2).  This too is significantly higher 
than current population estimates (p < 0.001). 
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Correlations among the psychological variables at each time point were large 
and positive except for the positive cardiac rehabilitation rumination variable (Tables 4, 
5, 6).  Correlations were compared by gender (Tables 7, 8, 9) and risk stratification 
(Tables 10, 11, 12) within each time point.  The low risk group correlations were not 
calculated due to the small number of participants assigned to that group.  The majority 
of the correlations did not change significantly depending on risk stratification or 
gender.  Given the large number of comparisons and the lack of consistent differences 
across the time points, it is possible that the few significant differences observed were 
the result of type I errors. 
The number of strong relationships observed within the correlation tables 
indicates that many of the psychological variables were measuring overlapping 
constructs.  Participants’ scores at weeks one, three, and eight on the 9 psychological 
measures were subjected to a principal component analyses (PCA) followed by 
varimax rotations.  Components were retained using the eigenvalue-one criterion 
(Kaiser, 1960) and the scree plot results.  At each of the three time points, the scree plot 
and eigenvalues suggested that two components be retained for rotation.  The two 
component solutions accounted for a total of 75.4, 71.4, and 70.2 percent of the total 
variances at weeks one, three, and eight respectively.  The factor loadings and the 
proportion of each variable’s variance that can be explained by the PCA for the 
psychological questionnaires are presented in Table 13.  The first component for weeks 
one and three can be labeled as general negative affect.  The second component can be 
considered positive repetitive thoughts.  The structure changed slightly at week eight so 
that the first component captured repetitive negative thoughts, and the second 
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component captures depression symptoms.  Figure 1 displays the rotated component 
plots for the three time points. 
A composite rumination/worry measure was created from the variables that 
loaded onto the first component of the three PCAs.  This composite variable included 
the scores from the RSS, RRS-brooding, RRS-reflection, CRRQ-negative, and PSWQ.   
Each measure used a 5-point Likert scale for their response options, but they differed 
on the number of items to which participants responded (see Table 2).  The raw scores 
of the measures were summed and then divided by the total number of items since 
three of the measures represented subscales of larger measures.  Thus, every item was 
weighted equally in the composite rumination/worry score. 
Gender and Demographic Variables Differences  
 The relationships of gender and the other demographic variables to the 
psychological variables were evaluated within each time point.  Additionally, the 
differences between the prevalence rates of anxiety and depression disorders were also 
compared by gender at each time point.  At week 1, the differences between male and 
female participants were not significant (all ps > 0.2) except for positive rumination 
about cardiac rehabilitation (Table 14).  The gender differences between the prevalence 
rates for anxiety and depression disorders at week 1 were not significant.   None of the 
psychological variables were significantly related to age, BMI, or percent body fat 
(correlations not presented).   The majority of the correlations between psychological 
variables and specific cardiac events did not significantly differ from zero at week 1.  
Participants who had stent/PTCA had increased levels of stress (r = 0.28, p < 0.05); 
participants who had a myocardial infarction had decreased levels of depression (r =  
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-0.29, p < 0.05); and participants who had valvular insufficiency had increased levels 
of worry (r = 0.30, p <0.05).  Among the risk factors identified by the CR staff, the 
stress risk factor was significantly correlated to participant’s ratings of perceived stress 
(r = 0.35), reflection (r = 0.30), and anxiety (r = 0.28).   The sum total number of risk 
factors identified for each participant also showed significant relationships with anxiety 
and perceived stress variables at week 1 (Table 15).  These relationships should be 
interpreted with caution due to an increased risk of Type I error.    
Significant gender differences emerged for two of the psychological variables at 
week 3 (Table 14).  The difference between the prevalence rates for clinical anxiety 
was not significant, but females had a significantly higher proportion of clinical 
depression (p = 0.02) and higher levels of perceived stress and brooding (ps < 0.05).  
Females also had higher levels of anxiety ratings, depression ratings, worry ratings, and 
reflection ratings compared to the males, but these differences only trended towards 
significance (Table 14).  There was no gender effect at week 3 for the composite 
worry/rumination measure.  When looking at the week 3 relationships between the 
other demographic variables, positive rumination about CR was significantly related to 
BMI (r = 0.39, p = 0.008), hypertension (r = 0.30, p = 0.046), family history (r = 0.35, 
p = 0.018), stress (r = 0.32, p = 0.032), obesity (r = 0.33, p = 0.029), and the sum total 
of identified risk factors (r = 0.49, p = 0.001).  There were no other significant 
relationships between week 3 psychological variables and age, number of medical 
events, time between event and start of rehabilitation, or any of the identified risk 
factors.    
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After eight weeks of CR, females continued to have a significantly higher 
proportion of clinical depression (p = 0.02).  Furthermore, when looking at overall 
depression ratings across all three survey time points for the 31 individuals who did not 
drop-out, women  reported significantly higher levels of depression (F(1, 29) = 4.21, p 
= 0.049). 
The difference between the prevalence rates for clinical anxiety remained 
insignificant at week 8.  On the other psychological variables, females continued to 
have higher levels of depression, perceived stress, and worry compared to males (Table 
14).  However, the rumination and reflection variables no longer differed significantly, 
and there continued to be no significant difference seen for the composite 
worry/rumination measure.  There were no significant relationships between week 8 
psychological variables and age, number of medical events, or time between event and 
start of rehabilitation.  Positive CR rumination was again significantly correlated to 
BMI (r = 0.54, p = .002) and the stress risk factor (r = 0.56, p = .002).  Additionally, 
negative CR rumination was related to hypertension (r = 0.45, p = .014) and stress (r = 
-0.37, p = .044).   
Risk Stratification Differences 
 Week 1 ratings of anxiety, composite rumination/worry, stress, and the 
prevalence of clinical anxiety did not differ among the low, moderate and high risk 
groups (all ps > 0.1).  The differences in initial depression among the three groups 
trended towards significance (F(2, 48) = 2.88, p = .066).  The high risk group showed 
the highest levels of initial depression compared to the other two groups (High = 
5.86(4.0), Moderate = 3.58(2.6), Low = 4.00 (1.6)).  Because the low risk group 
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included only four individuals, it was not large enough to detect differences.  When the 
low risk group was removed from the analyses, a significant difference in initial 
depression level between the moderate and high risk groups was seen (t(45) = 2.34, p = 
.024).  Significant differences were also seen on the two depression focused rumination 
measures, RRS-brooding and RSS, after the removal of the low risk group (Table 16).  
In both cases, the high risk group showed higher levels of rumination compared to the 
moderate risk group. The difference between the prevalence rates for clinical 
depression was also significant, with the high risk group having a higher prevalence 
rate. 
Comparison of the week 3 psychological variables between the moderate and 
high risk groups paralleled the results seen at week 1.  The high risk group again had 
significantly higher ratings of depression, rumination, and a higher prevalence of 
clinical depression (Table 16).  Depression and the prevalence of clinical depression 
were the only variables that resulted in significant differences between moderate and 
high risk groups at week 8.  It is important to note that the participant sample used for 
week 8 may not be directly comparable to the larger sample used for the week 1 and 
week 3 comparisons.  The effects of CR drop-out and early CR graduation are 
confounding elements when trying to make comparisons across the three screening 
periods.  The next section of analyses is tailored to account for this phenomenon.  
Change in Psychological Variables Across Time 
On the nine specific psychological measures and the composite 
rumination/worry variable, there were no significant differences between the ratings of 
participants who took only one, two, or all three of the surveys (all ps > 0.05).  
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However, there was a trend for participants who only took the week 1 survey to have a 
higher composite rumination/worry score compared to other participants (F(2, 48) = 
2.99, p = 0.06).  When looking at all of the participants’ ratings at each time point, 
stress, negative rumination, worry, anxiety and depression each decreased.  However, 
the between group one way ANOVAs indicated that only negative cardiac 
rehabilitation rumination decreased significantly across time (CRRQ-neg, Table 2).  
The proportion of individuals with scores that indicated clinical levels of depression 
decreased from 17.6 percent at week 1 to 9.7 percent at week 8.  The proportion of 
individuals with scores that indicated clinical levels of anxiety decreased from 27.5 
percent at week 1 to 19.4 percent at week 8.  Unfortunately, these changes are unable 
to take into account participant drop-out.   
In order to remove the participant drop-out confound, the 31 participants who 
took all three surveys were used to investigate the change in psychological functioning 
over the eight weeks of CR.  To do so, while accounting for the impact of gender and 
risk stratification (moderate and high), mixed ANOVAs were conducted for the 31 
individuals who completed all three of the surveys.  From this subsample, 19 were 
male (61.3%) and 12 female (38.7%); 23 were assigned to the moderate risk group 
(74.2%) and 8 to the high risk stratification (25.8%).  These proportions were similar to 
those observed in the overall sample.  The results of the mixed ANOVA results for the 
specific psychological variables are presented in Table 17.   
 The mixed ANOVA for the composite rumination/worry analysis violated the 
assumption of sphericity, so the degrees of freedom were corrected using Greenhouse-
Geisser estimates of sphericity.  There was a significant main effect for week (F(1.46, 
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27.77) = 11.10, p = .001, partial eta squared = .396); however, this main effect was 
moderated by a significant interaction with Gender (F(1.46, 27.77) = 5.27, p = .019, 
partial eta squared = .217, see Figure 2).  There was no interaction between week and 
risk stratification (F(1.46, 27.77) = 0.85, p = .404, partial eta squared = .043), and there 
were no main effects for gender or risk stratification (women: M(SE) = 86.60(6.35), 
men: M(SE) = 104.04(9.62), p = 0.142).  
Across the specific psychological variables, week was a significant main effect 
for cardiac rehabilitation negative rumination, depression, worry, brooding, and 
rumination on sadness (Table 17).  The sizes of the main effects for the significant 
models ranged from small (eta-squared = .119 for depression) to moderate (eta-squared 
= .325 for negative cardiac rumination). This significant drop in depression symptoms 
can also be observed when looking at the prevalence rate of clinical depression within 
the subsample of 31 individuals which decreased from 19.4 percent at week 1 to 9.7 
percent at week 8.  Bonferroni corrected pairwise comparisons indicated that the 
significant decreases were typically observed when comparing scores between weeks 
one and eight (Table 18).  Negative cardiac rehabilitation rumination was the only 
measure that showed significant decline between weeks three and eight.  The observed 
changes in stress, anxiety, reflection, and positive cardiac rehabilitation rumination 
were not significant.  Even though the prevalence rate of clinical anxiety decreased 
from 25.8 percent at week 1 to 19.4 percent at week eight, this drop was not 
significant. 
When evaluating higher order interactions, there was no significant 2-way 
interaction between week and risk stratification for any of the variables (all ps > 0.05).  
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Similar to the composite rumination/worry variable, there was a significant interaction 
between week and gender for positive CR rumination, perceived stress, and brooding 
(Table 17).  The effect of gender on week obscured the overall main effect for both 
perceived stress and positive rumination.  Figures 4, 5, and 6 display the variable 
means separated by week and gender.  The week by gender interaction is unique for 
each variable.  Bonferroni corrected post-hoc comparisons showed that brooding scores 
did not vary across the screening session for males, but the level of brooding for 
females was lower at week 8 compared to both weeks 1 and 3 (ps < 0.05; Figure 3).  
Looking at the positive CR rumination means by week and gender revealed a complex 
interaction.  While the scores for males decreased (Week 1-Week 3 = 1.67, p = 0.283), 
the scores for females increased (Week 1 – Week 3 = -2.52, p = 0.066; Figure 4).  
Perceived stress scores decreased slightly for both males and females but at different 
rates.  Scores for males decreased the most between weeks 1 and 3 while scores for 
females decreased the most between weeks 3 and 8.  Because of the differences in the 
rate of decrease, females had significantly higher levels of perceived stress compared 
to males at week 3 (Males-Females = -6.93, p = 0.003).  There were no significant 
gender difference observed at weeks 1 or 8 (Figure 5).  
Self-Reported Health and Fitness 
Interrelationships Between the Self-Reported Health and Fitness Measures  
This study incorporated two self-reported measures of health and fitness.  The 
CR staff had participants fill out the COOP during their initial orientation session and 
final exit session.  The RAND was then completed as part of the survey packet at week 
1, 3, and 8.  Because the two measures were initially completed at relatively the same 
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time and assessed similar constructs, convergent validity was expected.  Table 19 
presents the agreement of the two measures by functional domain (physical 
functioning, role limitations, emotional well-being, social functioning, pain, and 
general health) along the diagonal axis of the lower left quadrant (correlations 
indicating agreement bolded).  The average convergent validity correlation was 0.51 
which indicates good agreement among functional domains of the two measures.  The 
average of the off-diagonal correlation between the COOP and RAND was 
considerably smaller (r = 0.30) and lends support to the discriminate validity of the two 
measures.  
 Twenty-six participants filled out a final COOP during their CR exit procedure.  
Nineteen of these participants took their final COOP following completion of the week 
8 survey packet, while 7 participants took their final COOP following completion of 
the week 3 survey packet.  The average time between the initial and final Coop was 70 
days (SD = 22 days).  Because the final survey packet did not always occur 
immediately prior to CR completion, there was a larger time interval between 
participants’ final RAND scores and final COOP scores (M = 18 days, SD = 13 days).  
Table 20 presents the agreement of these two measures, controlling for the time delay, 
at the end of CR.  The average convergent validity between the two measures was r = 
0.53 overall and r = 0.60 with social functioning excluded.  The average off diagonal 
correlation was r = 0.33.  The RAND and COOP measures appeared to show 
particularly large agreement when assessing pain, and general health, and role 
limitations (see Tables 19 and 20).  
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 There were several significant relationships between the RAND health domains 
and the psychological variables (Table 21).  Overall, better health and fitness ratings 
were associated with lower levels of stress, negative affect, and rumination.  For 
example, at week 1, lower levels of depression were strongly related to higher 
functioning across all 8 of the domains with r-values ranging from r = -0.42 (role 
limitations due to physical health) to r = -0.743 (emotional well-being). Similar 
patterns of significant relationships were observed between the 8 RAND domains and 
the psychological variables at weeks 3 and 8 (values not presented). 
Gender and Demographic Variables Differences  
 The RAND self-reported fitness variables were compared by gender and other 
demographic variables within each time point (Table 22).  At week 1, the differences 
between male and female participants were not significant (all ps > 0.2).  At week 3, 
gender differences began to emerge.  Male participants reported significantly higher 
levels of emotional wellbeing compared to female participants (p = 0.05).  
Additionally, male participants reported significantly fewer role limitations due to 
emotional functioning (p = 0.05).  Neither of these gender differences remained 
significant at week 8.  At week 8, there were several significant gender differences 
across the self-reported fitness variables.  Male participates reported higher physical 
functioning (p = 0.01), fewer role limitations due to physical problems (p = 0.003), and 
less pain (p = 0.05) compared to female participants.  However, the only significant 
gender difference that remained when looking at the overall ratings of the 31 
individuals who took all three surveys was for emotional well-being (F(1, 23) = 5.52, p 
= 0.028).  In this case, women reported poorer emotional functioning compared to men.  
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The other seven self-rated health and fitness domains did not differ significantly when 
looking at the ratings across all three time points (ps >0.05). 
 Very few of the self-reported fitness variables were significantly related to age, 
BMI, or percent body fat.  At week 1, age was positively related to emotional 
wellbeing (r = 0.32, p = 0.03) and higher BMI was related to fewer role limitations due 
to physical health (r = 0.35, p = 0.01).  None of the correlations differed significantly 
from zero at week 3, and the relationship between emotional wellbeing and percent 
body fat (r = -0.39, p = 0.04) was the only significant correlation at week 8.   
 Medical events were significantly related to many of the week 1 self-reported 
fitness variables.  Participants who experienced a MI or a Stent/PTCA tended to rate 
themselves as having higher Physical Functioning (p = 0.012 and p = 0.009 
respectively) compared to those who did not experience those events.  Whereas only 
individuals who experienced a stent/PTCA reported having fewer role limitations due 
to physical health (p = 0.002).  Individuals who experienced either valve 
repair/replacements or CABG both reported more role limitations due to physical 
problems (p = 0.000 and p = 0.005 respectively) compared to those who did not 
experience either of these medical events.  Individuals who experienced a CABG also 
reported significantly more role limitations due to emotional problems (p = 0.007) 
when compared to the other participants.  There were fewer significant differences by 
medical event at week 3.  The only findings were that participants who experienced a 
MI rated themselves as having significantly higher physical functioning (p = 0.034), 
higher emotional wellbeing (p = 0.038), and lower levels of pain (p = 0.016).  The 
significant differences at week 8 paralleled the differences seen at week 3.  Individuals 
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who experienced an MI reported higher physical functioning (p = 0.048) and lower 
levels of pain (p = 0.021).  No significant differences emerged when looking at the 
other medical events experienced by participants.  
Risk Stratification Differences 
When comparing the week 1 ratings of health and fitness by risk group, the 
moderate risk group had higher ratings on all of the variables (Table 23).  However, the 
only significant difference was that the moderate risk group rated their social 
functioning as higher compared to the high risk group (p = 0.05).  At week 3, the 
moderate risk group continued to have higher health and fitness ratings, but most of the 
differences were not significant.  The only significant difference was on Physical 
Functioning (p = 0.008).  While there were fewer participants at week 8 due to 
attrition, there were more significant differences observed between the moderate and 
high risk groups (Table 23).  By week 8, participants in the moderate group had 
significantly higher ratings on Physical Functioning, Energy, and Social Functioning.  
When looking at overall differences across all three time points of the 31 individuals 
who completed all of the survey packets, the high risk group had significantly more 
pain (p = 0.037), less energy (p = 0.043), poorer social functioning (p = 0.010), and 
lower physical functioning (p = 0.009). 
Change in Self-Reported Health and Fitness Over Time 
 The overall changes in health and fitness ratings from the beginning of CR to 
the end of CR were assessed using the COOP.   Twenty-six individuals completed both 
the pre and post portions of the COOP.  The remaining 25 individuals either dropped 
out of CR or declined to retake the COOP during their CR exit interview.  Table 24 
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presents the change in health ratings for both the higher COOP domains and the nine 
specific areas.  All three higher order domains (Quality of Life, Physical Fitness, and 
Well Being) improved significantly from start to finish of CR (all ps < 0.01).  When 
looking at the specific 9 direct subscales, participants reported the largest 
improvements in the areas of physical fitness and ability to complete daily activities 
(Table 24).   
Contrary to the higher order quality of life domain, participants’ quality of life 
subscale ratings did not improve over the course of CR.  Therefore, the significant 
change in the higher order quality of life domain was due to improvements within the 
overall health subscale and decreased pain subscale.  Within the higher order Well 
Being domain, the increase on the social support subscale showed improvement but 
only trended towards significance (p = .057).  When the amount of time each 
participant spent in CR was included as covariate variable, the results did not change.  
 To evaluate when the changes in health and fitness occurred during CR, while 
still accounting for the impact of gender and risk stratification (moderate and high), 
mixed ANOVAs were conducted for the 31 individuals who completed all three of the 
surveys.  When evaluating the 2-way interactions, there were no significant interactions 
between week and risk stratification (all ps > 0.05).  The only significant week by 
gender interaction was observed on the role limitations due to physical health measure 
(p = 0.01, Figure 6).  While the male participants reported significant improvement in 
this area between weeks 3 and 8 (p = 0.002), the females’ ratings did not change 
significantly over the first 8 weeks of CR.  While females did not show improvement 
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on this specific scale, there were several RAND measures that improved significantly 
over time regardless of gender (Table 25).   
Similar to the results of the COOP, participants reported significant 
improvements in their health and fitness across the majority of the domains on the 
RAND (Table 25 and 26).  Only emotional wellbeing and general health did not 
improve significantly across 8 weeks of CR (p = 0.61 and p = 0.07 respectively).  The 
Bonferroni adjusted post-hoc comparisons indicated that the significant gains in health 
and fitness were typically observed across week 1 and week 8 (Table 26).  The only 
measures that saw significant gains between week 1 and 3 of CR were the pain and 
social functioning measures.  Between week 3 and week 8, only role limitations due to 
physical health improved significantly.  Overall, participants made small gains between 
weeks 1 to 3 and weeks 3 to 8.  Together, these incremental improvements results in 
large and significant gains over the full course of CR.    
Objective Physical Fitness Tests 
Interrelationships Between the Self-Reported Health and Fitness Measures 
While distance walked is the primary variable of the 6MWT, several blood 
pressure and heart rate readings were also collected.  The relationships among these 
variables were evaluated for both the pre CR fitness test and the post CR fitness test 
(Table 27).  Prior to starting CR, the amount of distance walked was negatively related 
to participants’ resting and recovery heart rates (ps < 0.05).  This suggests that 
individuals with higher resting heart rates did not walk as far, and individuals who 
walked farther had lower recovery heart rates.  The only variable that distance was 
significantly associated with at the post CR testing was resting systolic blood pressure.  
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Participants with higher resting systolic blood pressures walked shorter distances.  
Prior to CR, participant’s resting, peak and recovery blood pressure readings had 
significant positive relationships with each other (Table 27).  After CR completion, the 
systolic blood pressures across rest, peak, and recovery remained significantly 
correlated (ps < 0.01).  However, the diastolic blood pressures across rest, peak, and 
recovery were no longer significantly related.  There were strong relationships among 
the resting, peak, and recovery heart rate before starting CR (all ps < 0.01).  After CR, 
the strength of the relationships between peak heart rate and resting or recovery heart 
rate declined.  The correlation between recovery and resting heart rate remained high (r 
= 0.84).  
Analyses looking at the relationships between the week 1 psychological 
variables and the initial fitness testing showed very few significant correlations.  
Distance walked on the 6MWT was not significantly related to any of the 
psychological variables.  Post 6MWT Recovery heart rate was negatively related to 
three of the separate rumination measures (CRRQ_neg r = -0.29; Brooding r = -0.32; 
RRS r = -0.30), but not the overall composite rumination/worry.  There were no 
significant relationships when looking at peak and resting heart rates (ps > 0.05).  
Gender and Demographic Variables Differences 
Before and after CR 6MWT fitness variables were compared by gender and 
other demographic variables (Table 28).  Fitness variables included resting, peak, and 
recovery data for heart rate, systolic, and diastolic blood pressures. The distance 
walked during the 6MWT was also reported.  When comparing the post CR fitness 
testing variables, amount of time in CR was used as a covariate.  The only significant 
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gender difference was that males walked significantly farther compared to females both 
before and after CR (p = 0.002 and p = 0.022 respectively).  There were no other 
significant gender differences prior to or following CR (all ps >0.05). 
 Age, BMI, and percent body fat were significantly correlated to several of the 
pre CR 6MWT fitness variables.  Age was related to distance (r = -0.30, p = .036), 
resting systolic blood pressure (r = 0.31, p = 0.031), peak systolic blood pressure (r = 
0.32, p = 0.03), and recovery diastolic blood pressure (r = -0.29, p = 0.04).  BMI was 
associated with peak heart rate and peak systolic blood pressures (r = 0.28, p = 0.05 
and r = 0.31, p = .031 respectively).  Finally, higher percent body fat was significantly 
correlated to less distance (r = -0.38, p = 0.008).  Age, BMI, and percent body fat were 
not significantly correlated to post CR fitness testing variables after taking into account 
the amount of time each participant was in CR. 
 There were no significant pre or post CR differences on the 6MWT fitness 
variables between participants who experienced a stent/PTCA or CABG compared to 
participants who did not.  However, individuals who experienced an MI walked 
significantly farther than the CR participants who did not have an MI (M(SD) = 1533.6 
(289.0) versus M(SD) = 12717.7(326.5), p = 0.009).  This difference was also seen at 
the post CR fitness testing.  Additionally, individuals who experienced an MI also had 
higher recovery diastolic blood pressure (Mean= 76.5mmHg, SD = 8.7mmHg) 
compared to the other participants (M(SD) = 71.0(8.2) mmHg).  Participants who 
underwent Valve Repair/replacement had significantly higher resting and recovery 
heart rates both before and after CR.  Participants who had valve repair/replacement 
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also had lower peak systolic blood pressure compared to other participants (ps < 0.05) 
prior to CR, but this difference was no longer significant following CR participation.   
Risk Stratification Differences 
When comparing the CR 6MWT fitness variables by risk group, there were no 
significant differences observed during the initial testing or after CR completion (Table 
29). 
Change in Fitness Over Time 
 In order to assess change in physical fitness over time while taking into account 
gender and risk stratification, mixed ANOVAs were conducted for the 40 individuals 
who completed both pre and post CR fitness testing.  After completing CR, participants 
were able to walk significantly farther (Table 30).  This finding was not moderated by 
gender or risk stratification.  Additionally, participants had significantly higher peak 
heart rates during the post CR 6MWT (p = 0.02).  A significant interaction was 
observed between time and risk stratification when looking at the peak diastolic blood 
pressure.  While the low and high risk groups’ peak diastolic blood pressure decreased 
from pre to post testing, the moderate risk group experienced an increase in peak 
diastolic blood pressure (Figure 7).  However, post hoc comparisons across the time 
points and between the risk groups did not reveal any significant differences (all ps > 
0.05).   
 A significant decrease in participants’ percent body fat was observed (F(1, 29) 
= 7.39, p = 0.011).  Additionally, age was a significant covariate in this model (F(1, 
29) = 5.45, p = 0.024). Older participants experienced smaller decreases in percent 
body fat after participating in CR.  The mixed ANOVA for BMI showed a significant 
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main effect from the start to end of CR (F(1, 32) = 4.39, p = 0.044) and a significant 
interaction between time and undergoing a major surgery (i.e. CABG and valve 
repair/replacement) immediately prior to starting CR (F(1, 32) = 4.13, p = 0.050).  
There was not an overall change in weight for participants after engaging in CR (p > 
0.05).  However, there was again a significant interaction between weight change and 
undergoing a major surgery immediately prior to starting CR (F(1, 36) = 4.20, p = 
0.048).  Participants who underwent major surgery prior to CR weighed significantly 
less than other participants (p = 0.010).  While the weight of participants who 
underwent a major surgery prior to CR did not decrease, the other participants did 
experience weight loss (See figure 8).  Posthoc testing of weight change across CR for 
the group of participants who did not undergo major surgery was not significant (p > 
0.05). 
Predicting Program Completion and Fitness Outcomes 
Of the 51 participants who started the CR program, 32 participants completed 
the full recommended course of treatment (Table 31).   The CR drop-out rate in this 
sample was 37 percent.  However, if the 8 individuals who did not complete the full 
program but still coordinated with staff to go through the formal CR exit procedures 
are added, the drop-out rate decreases to 22 percent.  
Gender and Demographic Variables Differences 
Because of the overarching similarities of the three risk stratification groups, 
they were pooled together to investigate the relationship of the demographic and 
medical history variables to CR completion.  There was not a significant difference 
between the proportions of male and female participants who completed CR 
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(completion rate for both 63%).  There were no significant associations between drop-
out rate and age, BMI, or percent body fat (all ps > 0.05).  Drop-out or successful 
completion of CR was not significantly related to the majority of the screened risk 
factors including: dyslipidemia, hypertension, physical inactivity, family history of 
heart disease, type two diabetes, and number of medical events (all ps > 0.05).  
Additionally, the specific medical event that occurred prior to CR did not relate 
significantly to participants’ final status.   
Two of the screened risk factors did predict participants’ final status.  Active 
smokers were more likely to drop-out of CR compared to individuals who did not 
smoke (50.0% versus 17.9%).  Participants who were identified as struggling with 
stress were more likely to drop-out of CR compared to those who did not present with 
this risk factor (57.1% versus 15.9%, p < 0.05).  The amount of time it took 
participants to start CR after their cardiac event trended towards significance (F(2, 46) 
= 3.02, p = .059) among the different program completion groups .  There was a longer 
delay between the cardiac event and the start of CR for participants who eventually 
dropped out of the CR program compared to participants who did not drop-out of the 
program. (days between cardiac event and the start of CR for participants who: 
completed = 21.0 (15.5), finished early = 16.4 (8.7), and dropped out = 34.7 (26.3)).  
 The drop-out rate for individuals with clinical anxiety (57.1%) was higher than 
the drop-out rate for participants without (29.7%); however this difference was not 
significant (p = .07).  The drop-out rate for individuals with clinical depression (66.7%) 
was significantly higher than the drop-out rate for participants without (31.0%, p = 
0.04).   
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Risk Stratification Differences 
A total of thirty-two1 participants completed their prescribed number of 
sessions.  The proportions of participants who completed the full CR program did not 
differ across the three risk groups (Table 3).  Eight additional individuals stopped the 
CR program early but worked with the staff to complete the formal exit procedure.  
Similar to the participants who completed the prescribed number of sessions, the 
proportions of the participants who exited CR early did not significantly vary across 
the three groups.  The remaining 11 participants dropped out of the CR program 
unexpectedly.  Six of these 11 participants were assigned to the high risk group.  Thus, 
the proportion of participants in the high risk group who dropped out (6 out of 14, 
42.9%) is significantly larger compared to the drop-out rate within the moderate risk 
group (5 of 33, 15.1%).  
Predicting Program Completion  
 Multivariate logistic regression was used to assess what effect the self-reported 
variables had on participants’ ability to complete their prescribed CR.  A backward 
stepwise approach evaluated the week 1 psychological and self-reported health and 
fitness ratings to create a prediction equation.  The removal criterion was set at p > 
0.10 and the reentry criterion was set at p < 0.05.  Because risk stratification was 
shown earlier to relate to program completion, it was included as a covariate for this 
analysis.  The individual rumination/worry measures were not included as separate 
variables due to their conceptual overlap.  Instead, the composite rumination/worry 
                                                 
1Thirty-two participants completed or exceeded their prescribed number of sessions (see Table 3). This is 
a separate classification that does not correspond to the 31 participants who took all three of the 
psychology survey packets. 
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measure was used along with the other psychological variables.  Additionally, the 
initial self-reported health and fitness variables were entered into the equation.  A four-
variable equation (Table 32) was produced to predict successful CR completion.  The 
final model was significant (χ2 = 29.14, df = 5, p = 0.000) with appropriate goodness-
of-fit (Hosmer- Lemeshow Test; χ2 = 4.066, df = 8, p = 0.851; Hosmer, Hosmer, Le 
Cessie, & Lemeshow; 1997).  Nagelkerke’s R2 of 0.620 suggests a moderately strong 
relationship between prediction and actual outcome (Nagelkerke, 1991).  The model 
correctly predicted the correct outcome for 83.3 percent of the sample.  As seen in 
Table 32, participants’ general health, emotional well-being, and rumination/worry 
levels all were significant predictors of program completion (p < 0.05).  Participants’ 
risk stratification was not a significant predictor and there were no significant 2-way 
interactions.  Participants who reported higher levels of rumination/worry and 
emotional well-being were more likely to complete CR.  Individuals that rated 
themselves as having higher levels of general health were less likely to complete CR. 
(p < 0.05).  Zero-order equations between the independent and dependent variables for 
this regression equation are included in Appendix F. 
Predicting Fitness and Fitness Gains 
Multiple linear regression was used to investigate how psychological and self-
reported fitness variables related to participants’ fitness and fitness improvements over 
the course of CR.  The multicollinearity, normality, homoscedasticity, linearity, and 
independent prediction errors assumptions were evaluated for each regression model; 
however, no serious violations were noted.  A stepwise method was used with the 
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removal criterion set at p > 0.10 and the reentry criterion set at p < 0.05 for all of the 
regression models.   
When all age, gender, risk stratification, psychological variables, and self-
reported fitness variables were used to predict initial 6MWT distance, a significant 
model was produced (F(3, 47) = 10.8, p = 0.000, adjusted R2 = 0.371).  As expected, 
age, gender, and self-reported physical functioning were significant variables in the 
final equation (Table 33).  Being female or older in age decreased the distance covered 
during the 6MWT test.  Additionally, self-reported physical functioning was a 
significant predictor of better 6MWT distance outcomes.  When the regression was re-
run excluding self-reported fitness variables, the overall model remained significant 
(F(3, 47) = 7.91, p = 0.000, adjusted R2 = 0.308).  Gender and age remained significant 
negative predictors of 6MWT distance at the start of CR.  Depression was the only 
significant psychological variable that predicted initial 6MWT distance (Table 33).  
These results suggest that rumination does not play a significant role in predicting how 
far participants will walk during their initial 6MWT. 
When predicting post CR 6MWT distance, the distance a participant walked 
during the pre CR6MWT is the strongest predictor variable (F(1, 38) = 114.63, p = 
0.000, adjusted R2 = 0.749).  No other variables contributed significantly to the post 
CR 6MWT distance prediction equation when the patients’ pre 6MWT distance was 
taken into account.  However, the impact of mood symptoms on fitness abilities is a 
primary interest of this study.  Because of this, the post CR 6MWT distance prediction 
equation was rerun taking into account participants’ weeks 1, 3, and 8 scores for 
anxiety, depression, and rumination.  Multicollinearity between the week 1 and week 8 
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rumination variable was a potential problem (VIF = 9.316).  Because of the potential 
for multicollinearity between these variables, only week 1 rumination was used in the 
equation since it appeared to be the stronger predictor variable of the two.  Age, gender 
and the number of CR sessions attended were also included as covariates.  The final 
model was significant (F(5, 33) = 7.62, p = 0.000, adjusted R2 = 0.501).  Gender, age 
and week 3 anxiety were all significant negative predictors of Post CR 6MWT distance 
(all ps < 0.05).  While week 1 rumination was a significant positive predictor (p = 
0.009). See table 34.33 for the full regression model. 
Multiple linear regression was used to investigate if week 1 psychological and 
self-reported fitness variables could predict participants’ fitness gains by predicting 
their improvement on the 6MWT.  Age was entered into the equation as a covariate.  
The results of the regression produced a significant model (F(2, 32) = 4.34, p = 0.022, 
adjusted R2 = 0.168).  The only significant variable in the final equation was 
participants’ initial rating of their physical functioning (B = -2.46, p = 0.028).  This 
indicates that participants who perceived themselves as having higher physical 
functioning at the beginning of CR tended to show less improvement on 6MWT 
distance.  When the regression was rerun using only the psychological variables, no 
variables were retained the final equation.  Improvement in participants’ ability to 
recover, as calculated by subtracting their resting heart rate and blood pressure levels 
from their recovery heart rate and blood pressure after the 6MW, could not be 
predicted by psychological or self-reported fitness variables. Zero-order equations 
between the independent and dependent variables for this regression equation are 
included in Appendix F. 
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Qualitative Data 
 Sixteen participants returned the final qualitative questionnaire by mail.  
Because these surveys were given to participants during their final exercise session in 
CR, individuals who dropped out of CR did not have the opportunity to respond.  
Participants who returned the questionnaire overwhelmingly reported that they entered 
CR hoping that it would help them gain additional stamina and endurance.  Multiple 
participants also stated that they hoped that CR would assist in losing unwanted 
weight.  Lastly, several participants expressed the hope that CR would allow them to 
get back to normal.  
 When asked about their achievements in CR, participants had very positive 
things to report.  Most stated that CR helped them recover from their cardiac event and 
that they were able to accomplish many of their rehabilitation goals.  Most respondents 
wrote that they felt stronger and healthier.  Participants also stated that their sense of 
control and efficacy over their health increased over the course of CR.  Additionally, 
patients consistently recognized that they would need to continue their behavioral 
lifestyle changes in order to sustain their health gains.  As one participant wrote, “[I 
have] started on the road to sustainable weight loss and better shape.”  When 
participants were asked to describe what helped them achieve their results, they offered 
a wide range of responses.  Participants wrote that monitored exercising in a structured 
environment was key to their CR success.  However, some participants placed a large 
amount of weight on the educational component, their own self-efficacy, and the 
overall positive atmosphere.  
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When asked specifically about goals they were unable to achieve, 8 participants 
did not report anything.  The others reported that they would have liked to have 
achieve greater weight loss, and two individuals also reported that they wished that 
their stamina had improved more.  Participants reported that failure to make CR a 
priority was a barrier to achieving greater fitness improvements during their treatment.  
Several participants noted how difficult it was to make lasting behavioral changes.  
This comment was most often referenced in terms of failure to modify their diet in 
order to lose weight.  Otherwise, participants reported that they would have benefited 
from additional time in CR.   
Summary of Results 
Hypothesis 1 predicted that in the study sample the overall rates of clinical 
depression and anxiety would be higher than the general population estimates (9.3% 
for depression and 3% for anxiety).  Within the current sample, 27.5% of the 
participants had clinical anxiety.  This is significantly higher (p = 0.001) than the 
community estimate.  Additionally, 17.6% of the sample had clinical depression.  This 
is also significantly higher (p = 0.04) than the community estimate.   It was predicted 
that women would have significantly higher levels of anxiety and depression compared 
to men.  At the week 1 screening, there were no gender differences for anxiety, 
depression, or any of the other psychological variables.  However, women had higher 
levels of depression, stress, and brooding at weeks 3 and 8.  When looking at the 
overall ratings of the 31 individuals across all three survey time points, women had 
significantly higher levels of depression, stress, and worry compared to men.  
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Additionally, the high risk group had an overall higher level of depression compared to 
the moderate risk group. 
Hypothesis 2 predicted that the participants’ levels of depression, anxiety, and 
rumination would decrease while physical fitness would increase over the course of 
cardiac rehabilitation.   Within this study, a significant decline in depression, worry, 
rumination (RSS), and composite rumination/worry was observed between weeks 1 
and 8.  However, the decrease in anxiety level was not significant.  The significant 
positive psychological changes experienced by CR participants appeared to take place 
during the first 3 weeks of CR.  There were no additional significant psychological 
improvements between weeks 3 and 8 for any of the variables.  Participants also 
reported significant health and fitness improvements for physical functioning, role 
limitations due to physical health, energy/fatigue, social functioning, and pain over the 
course of CR.   The health and fitness variables began to improve over the first 3 weeks 
of CR, but the changes were typically not significant until looking at the overall 
improvements between weeks 1 and 8.  There were week by gender interactions for the 
composite rumination, positive cardiac rumination questionnaire, worry, brooding, 
rumination (RSS) and role limitations due to physical health variables.  Overall, men 
experienced their gains in CR between weeks 1 and 3 while women experienced their 
gains between weeks 3 and 8.  There were no week by risk stratification interactions 
for any of the other variables. 
Hypothesis 3 predicted that females, high levels of anxiety or depression, and 
high risk illness would be increase drop-out from CR.  In the current sample, 37 % of 
the participants dropped out of CR.  Contrary to the study hypothesis, females were not 
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significantly more likely to drop out of CR in this study.  However, as hypothesized, 
clinical levels of anxiety or depression, and the high risk participants had significantly 
higher rates of drop out from CR.  While the majority of identified risk variables were 
not associated with increased likelihood of drop-out from CR, participants identified as 
having high levels of stress and those who actively smokes were more likely to drop 
out of CR.  Interestingly, a longer delay between a participant’s CVD event and the 
start of CR was associated with a higher likelihood of dropping out from CR. The 
findings of a backwards logistic regression indicated that better physical health and 
higher levels of negative affect were associated with higher drop-out from CR.  As 
hypothesized, within the logistic regression equation, higher levels of rumination 
predicted lower levels of CR dropout.  
Hypothesis 4 predicted that high levels of depression and high or low levels of 
rumination will predict lower physical fitness. As expected age, gender, and self-rated 
physical functioning were significant predictors of fitness at the beginning of CR (pre 
CR 6MWT distance).  Older participants and females walked shorter distances 
compared to young participants and men.  Individuals who rated themselves as having 
higher levels of physical functioning also walked longer distances.   When self-
reported variables of health and fitness were removed from the regression equation, 
level of depression was a negative predictor of pre CR 6MWT distance.  Rumination 
was not a significant variable with predicting pre CR 6MWT distance.  The best 
predictor of post CR fitness is each participants’ pre CR 6MWT distance.  When pre 
CR 6MWT distance was included in the regression equation to predict post CR 6MWT 
distance, no other variables contributed to the model.  When pre CR 6MWT distance 
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was excluded from the equation, age and gender were again significant predictors of 
post CR 6MWT distance.  Additionally, anxiety at week 3 was included in the model 
as a negative predictor of post CR 6MWT distance, and as hypothesized higher levels 











Interrelationships Among Variables 
Diagnoses With Psychological, Health and Fitness, and Objective Fitness Testing 
The relationships of the participants’ cardiovascular disease diagnoses were 
compared to the psychological, self-reported health and fitness variables, and objective 
fitness testing.  Overall, participants’ diagnoses did not appear to have significant 
associations with the psychological variables.  It is important to note that every 
participant in the study had at least one cardiovascular disease event, and this likely 
restricted the range.  If these associations were re-evaluated in a general community 
sample, it is much more likely that the presence of cardiovascular disease would be 
associated with greater emotional distress and poorer fitness.  Participants who 
experienced a MI or a Stent/PTCA tended to rate themselves as having higher physical 
functioning, and participants who were diagnosed with valve repair/replacement or 
CABG tended to rate themselves as having more limitations because of their health.  
These differences may have to do with the fact that individuals who were diagnosed 
with valve repair/replacement or CABG underwent serious surgical procedures, while 
participants who were diagnosed with MI or Stent/PTCA received medical treatment 
that was less invasive.  Participants diagnosed with valve repair/replacement or CABG 
were frequently unable to drive, work, or use their arms until their incisions had healed 
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sufficiently.  While the results from the current study suggest that there are no specific 
forms of heart disease that are associated with poorer emotional health, there are 
differences across the diagnoses when looking at overall health and fitness.  The 
relationships between other demographic information, such as illness severity and 
gender, are discussed throughout the discussion section. 
Psychological Variables to Health and Fitness, and Objective Fitness Testing 
 There were several significant relationships between psychological variables 
and self-reported health and fitness variables.  Higher levels of depression were 
significantly related to lower health and fitness ratings across all domains.  Similarly, 
higher levels of anxiety or rumination were also significantly related to lower health 
and fitness ratings across all of the domains except for general health and role 
limitations due to physical health.  These results suggest that individuals who report 
physical and health difficulties at any point during CR should be carefully screened by 
CR staff for the presence of depression, anxiety, and rumination.  Within a medical 
setting, patients may find it easier to disclose their health and fitness limitations to the 
CR staff, while they may be less willing discuss their mental health concerns because 
of stigma.  Awareness of this can help CR staff develop a heightened sensitivity for 
detecting the presence of mental health symptoms. 
Individually, depression, anxiety, rumination, and stress were not significantly 
related to objective fitness measures from the 6MWT.  The few significant 
relationships that were observed between rumination and recovery heart rate could be 
due to type I error.  The lack of significant relationships between the psychological 
variables and objective testing may simply be due to the fact that several other factors, 
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such as gender, height, and illness severity, need to be taken into account when trying 
to understand the relationships.  
Relationships to Demographics and Risk Stratification 
 Although older men and older women have similar rates of cardiovascular 
disease, it has been well established that women are less likely to participate in CR 
(Dunlay et al., 2009; Yohannes et al., 2007).  As reviewed earlier, women may face 
more barriers to treatment following a cardiovascular event.  In the current study, a 
gender discrepancy for CR participation was also observed.  Women represented only 
30 percent of the study’s 51 participants.  This discrepancy is further highlighted by the 
fact that 0 of the 16 females in this study were attending CR due to a MI.  While it is 
well documented that men are at a higher risk for a MI when younger than 65, this 
discrepancy decreases with advancing age (Lloyd-Jones et al., 2010).  The fact that 
there were no women in this study with a MI may indicate that these women either are 
not attending CR or are opting to not participate in this study.  Women who experience 
a MI may have additional barriers that make CR attendance and study participation 
more difficult. 
 Previous research suggests that women who attend CR tend to be older and 
have more medical complications and comorbid disorders compared to men (Bello & 
Mosca, 2004).  However in this sample, women did not appear to be significantly more 
ill compared to men.  One possible explanation for this could be that older women with 
more medical complications were less likely to agree to participate in the current study.  
However, without access to the medical records of the individuals who declined to 
participate, this cannot be confirmed.  While women were significantly shorter in 
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height and had a higher percent body fat composition, these are biologically based 
gender differences that do not relate to health.  BMI levels, which take height into 
account, did not differ between men and women.  Women in this study, when 
compared to men, were equally likely to have dyslipidemia, hypertension, or type I/II 
diabetes.  This is similar to the results of previous research (Lavie & Milani, 1995).  
Additionally, there were very few gender differences on objective fitness testing prior 
to CR participation.  Women had slightly higher resting heart rates, but this was 
expected because of gender differences in heart size.  Women also covered 
significantly less distance compared to men on the 6MWT, but this cannot be used to 
compare fitness across gender since differences in height and body composition can 
impact the distance each participant walks independently of their true physical fitness.   
There were no significant gender differences observed on participants’ self-
ratings of health and fitness at the beginning of CR; however, gender differences 
emerged at weeks 3 and 8.  At week 3, women appeared to have significantly more 
emotional problems, such as anxiety and depression symptoms, compared to men.  
Women also reported that their “emotional problems” were interfering with their work 
and other regular daily activities at a higher level compared to men.  By week 8, 
women rated their physical functioning (limitations when climbing stairs, walking 
several blocks, bathing, etc.) as significantly lower.  Women also reported significantly 
higher levels of pain and more problems with their ability to work and complete daily 
tasks compared to men at week 8.  While the initial sample at the start of CR suggests 
that women and men had comparable levels of illness, the sample at week 8 indicated 
that women were experiencing more physical and health problems compared to men.  
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This finding is tempered by the fact that the sample changed across time points due to 
drop-out.  When comparing gender differences between the 31 individuals who 
remained in CR through week 8 and completed all three surveys, the only significant 
difference was that women reported significantly more emotional problems. Thus, the 
gender differences seen at weeks 3 and 8 may be due to differences resulting from 
participants dropping out of CR.  A detailed description of participant drop-out is 
included in the next section of the discussion.   
The consistent gender difference for emotional problems suggests that women 
may also be experiencing higher levels of depression, worry, and rumination.  
However, this effect was not replicated on the specific measures targeting anxiety or 
rumination.  This finding is not entirely unexpected, as previous research investigating 
gender differences for anxiety produced mixed results.  Lavie & Milani, (1995) did not 
observe a significant gender difference for anxiety, while Szczepanska-Gieracha et al., 
(2012) did.   However, women did report significantly higher levels of stress and worry 
compared to men in this study.  There were no significant gender differences for 
depression at any single time point.  However, when looking at the main effect of 
gender across all three surveys for the 31 individuals who remained in CR for at least 8 
weeks, women had significantly higher overall levels of depression.  This is consistent 
with previous findings that women in CR experience higher levels of depression 
(Beckie et al., 2011).  Overall, CR programs may be able to improve patient outcomes 
by making sure all patients, particularly women, are screened for maladaptive levels of 
depression, stress, and worry.   
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Because participants were also separated by risk stratification, this study had 
the unique opportunity to look at how illness severity impacted psychological and 
fitness variables. Overall, the three risk groups did not differ based on age, weight, 
BMI, gender, and the majority of risk factors.  Active smokers were more likely to be 
placed in the high risk group.  This finding was expected since smoking status is part of 
the formula used to determine each participant’s risk group assignment.  Furthermore, 
at the start of CR, there were no differences between the moderate and high risk group 
on any of the week 1 self-reported health/fitness variables or objective fitness 
measures.  Risk stratification differences on self-reported health and fitness began to 
emerge at the week 3 and week 8 time points.  At week 8, the high risk group had 
significantly lower ratings of social functioning, energy, and physical functioning.  
This indicates that participants who were placed in the high risk group and remained in 
CR for at least 8 weeks may have more health complications which limit their 
improvement compared to other participants.  When looking at the overall main effect 
of risk stratification across all time points for the 31 participants who filled out all three 
surveys, individuals in the high risk group reported significantly more pain, less 
energy, poorer social functioning, and lower physical functioning.  Overall, 
participants placed in the high risk group reported more health and fitness problems 
compared to the participants in the other groups during and following the completion 
of CR. 
Individuals in the high risk group did not perform worse on the objective fitness 
testing following CR after completing 36 sessions compared to the moderate group’s 
24 sessions.  Even though the high risk participants perceived themselves as having 
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poorer physical functioning, this did not translate into impaired fitness after CR.  As 
such, CR staff should not rely exclusively on objective fitness data when evaluating 
patient outcomes since patients may still be experiencing significant impairments in 
their perceived health and fitness.  These findings again point to the importance of CR 
program creating individualized treatment plans that cater to the needs of each patient. 
When the ratings of the psychological variables were compared by risk group, 
there were few significant differences.  Individuals in the high risk group did not report 
significantly greater levels of worry, anxiety, or stress.  Thus, the act of being classified 
as a “high risk” patient by the CR staff does not seem to be associated with any 
additional worry or anxiety.  Even though these participants reported more problems 
with their health and fitness, these issues did not translate into more anxiety, stress, or 
worry symptoms.  However, the high risk group did consistently report higher levels of 
depression symptoms at each of the three survey time points.  The high risk group also 
reported greater levels of rumination on two of the specific measures of rumination.  
Participants in the high risk group reported significantly higher levels of brooding and 
rumination at weeks 1 and 3.  Given the strong relationships between rumination and 
depression symptoms, it is not surprising that the high risk group showed greater levels 
of both.  These findings suggest that individuals who are in the high risk group are 
more likely to experience increased levels of depression and rumination.  Additionally, 
these participants are likely to also rate themselves as having poorer health and fitness.  
Consequently, poor health and fitness may be one of the many contributing factors 
behind the higher levels of depression that are reported in the high risk group.  
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Changes Over Time 
 As hypothesized, participants experienced significant positive health, fitness, 
and psychological changes over the course of CR.  The initial overall prevalence of 
clinical depression was estimated to be 17.6 percent, but the proportion decreased to 
9.7 percent by week 8.  However, this discrepancy is confounded by the fact that 
individuals with clinical levels of depression were more likely to drop-out of CR.  
When estimating the prevalence of depression based only on the individuals who 
remained in the CR program through the 8th week, the decline was even more 
prominent.  The initial prevalence of depression in this subsample was 19.4 percent 
which then decreased to 9.7 percent at week 8.  This confirms that over the course of 
eight weeks of CR, participants’ depression ratings decrease significantly.  
The prevalence of clinical anxiety also decreased over the course of CR from 
27.5 percent overall to 19.4 percent at week 8.  When looking exclusively at the 
subsample of individuals who remained in CR through at least week 8, the prevalence 
of clinical anxiety declined from 25.8 percent to 19.4 percent.  While participants’ 
anxiety ratings decreased over the course of CR, the change was not significant. Thus, 
it appears that the CR program observed in this study was better at helping patients 
decrease their levels of depression but not their levels of anxiety. 
A control group was not included in this study, so the precise effect of CR on 
depression symptoms cannot be shown; however, independent studies suggest that 
depression symptoms following a cardiovascular event tend not to diminish when 
people do not attend CR.  These studies estimated that 95 percent of individuals were 
depressed after a myocardial event continued to be depressed at 6 months and 70 
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percent remained depressed after 12 months in the absence of CR (Lavie et al., 1999; 
Ladwig, Roll, Breithardt, Budde, & Borggrefe, 1994; Schleifer & Macari-Hinson, 
1989).  It is likely then that CR is one of the many factors that may contribute to the 
decline in patients’ clinical level of depression. 
When looking at the other psychological variables from the survey packets, 
participants’ ratings of rumination/worry decreased significantly over the course of CR.  
Stress ratings also decreased, but similar to anxiety, the change was not significant.  
Participants’ ratings of the psychological variables appeared to decline at each time 
point over the course of the CR; however, for the majority of the variables, only the 
overall decline between weeks 1 and 8 was significant.  These findings suggest that 
participants may begin to experience the positive effects of CR relatively quickly, and 
continued attendance appears to translate into the largest psychological gains.  Since it 
appears completion of 8 weeks or more of CR offers the most benefits, CR programs 
should encourage patients to attend for as long as they are able.   
The results of this study also suggest that decreases in negative cognitions may 
occur at different time points dependent on the participant’s gender.  When looking at 
rumination/worry, perceived stress, and brooding, males experienced decreases in 
negative cognitions earlier in CR compared to women.  The largest decreases in 
rumination/worry, perceived stress, and brooding for men occurred between weeks 1 
and 3 but then plateaued between weeks 3 and 8.  For women, the largest reductions in 
rumination/worry, perceived stress, and brooding were not reported until week 8.  This 
is consistent with previous research that highlights the importance of tailoring CR 
programs to the specific needs and gender of each patient (Beckie et al., 2011; 
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Sanderson & Bittner, 2005).  Women may be more likely to drop-out of CR simply 
because it may take longer for them to experience the cognitive benefits.  Thus, 
explaining how symptom reduction can vary depending on gender may help reduce 
perceptions that CR is not helping with specific symptoms.  Furthermore, tailoring the 
program by gender may help expedite the reduction in rumination/worry, perceived 
stress, and brooding for women and allow for improved graduation rates and emotional 
wellbeing. 
Participants also reported a large improvement in their self- reported health and 
fitness over the course of CR.  Specifically, participants reported feeling more 
physically fit and having a higher quality of life.  Similar to psychological constructs, 
the significant gains in reported health and fitness were typically seen between weeks 1 
and 8.  This presents further evidence to suggest that the best outcomes are achieved by 
participants who remain in the CR program for at least 8 weeks.  However, some 
aspects of health and fitness improved even in the first 3 weeks. Participants reported 
that their levels of pain and their social functioning had both improved significantly by 
week three.  Considering that CR is an inherently social activity, and that pain levels 
are closely monitored, it is not surprising that these variables begin to improve 
relatively early in the program.  CR programs may find it helpful to not only educate 
patients about what health and fitness gains to expect through their participation, but it 
may also be important to indicate when these improvements are likely to occur.  Such 
education may help staff and patients set goals that are more appropriate and specific.  
Unlike many of the psychological variables included in this study, the health and 
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fitness changes across CR did not appear to be moderated by either gender or severity 
of illness.  
 As expected from past research, participants also showed significant 
improvement on objective measures of health.  Participants’ walking performance 
improved significantly over the course of CR and participants’ percent body fat 
decreased significantly.  These physical improvements are consistent with studies that 
suggest CR is an effective exercise intervention for improving physical fitness (Milani 
& Lavie, 2007).  These improvements were not qualified by gender or illness severity.  
There was not a significant overall drop in participants’ weight.  While this was 
unexpected, it is important to note that the CR program helps participants attain a 
weight level that is achievable and healthy.  This means that overweight individuals are 
encouraged to lose weight while underweight individuals are encouraged to gain 
weight.  This became particularly crucial when looking at which participants lost 
weight and which participants did not.  While all participants experienced a CVD 
event, not all CVD events are treated in the same manner.  Stents/PTCA, MI, and 
cardiomyopathy are treated with pharmacological interventions, shorter in-hospital 
stays, and outpatient procedures, while CABG and Valve repair/replacement require 
open heart surgery and extended hospital stays.  One of the predominant side effects 
following major surgery is diminished appetite and weight loss (Miller & Grindel, 
2004).  As such, the 22 participants who underwent a major surgical procedure may 
have already lost a large amount of weight prior to starting the CR program.  These 
participants may have maintained or gained weight in order to return to their normal 
pre-operative weight while participating in CR.  This is supported by the significant 
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interaction between weight change and the presence of a major surgery prior to CR that 
was seen in this study.  While the weight changes observed within these separate 
groups were not significant, this could be because the participants were tracked 
between 4 and 12 weeks.  There may not have been sufficient time for many 
participants to experience significant weight loss.  Additionally, the current sample 
may not have had enough power to detect significant weight changes after all the 
appropriate covariate variables were taken into account.   
Overall these findings indicate that CR leads to significant health benefits for 
patients even if they are very ill or have a large number of identified risk factors.  This 
information may be extremely useful for CR programs and health care providers to use 
when encouraging their patients to attend and remain in CR. 
Program Outcomes 
Program Completion  
 The observed drop-out rate from CR in this sample was 37 percent.  This is 
higher than expected considering that many studies reported drop-out rates between 20 
and 25 percent.  If the 8 individuals who terminated early but went through the formal 
CR exit procedures are removed from the “drop-out” category, the drop-out rate 
becomes 21.5 percent.  The discrepancy between the observed drop-out in this study 
compared to other studies may be due to methodological differences.  A significant 
portion of previous CR research only requires that patients grant access to their medical 
records for tracking purposes (for example, Worcester et al, 2004).  Because the burden 
of participation for studies that simply track patient records is lower in comparison to 
this current project, participants may have been more willing to allow their personal 
70 
health information to be used for research.  The current study required participants to 
grant access to their medical record and to fill out multiple survey packets.  This may 
have inadvertently created a sampling bias that made it more likely that the individuals 
in this study would drop-out of CR.  For example, it appeared that younger CR 
attendees were more likely to agree to participate in the study.  However, these 
participants may have been more likely to drop-out of CR because of their age, family 
obligations, and work commitments (Yohannes et al., 2007).  Additionally, other 
studies only recorded participant drop-out during the first two weeks of the program 
(Yohannes et al., 2007; Yohannes et al., 2010).  Taking this approach decreases the 
amount of time that participants have to drop-out and likely increased the appearance 
of CR participation.  Since the current study recorded participants who dropped out at 
any point in time prior to their scheduled graduation date, it is logical that the drop-out 
rate would be higher.  These differences could also help explain why the adjusted drop-
out rate of this study was comparable when participants who terminated early were 
removed from the drop-out group.  
 In this CR sample, drop-out rates did not significantly differ between gender or 
type of precipitating cardiac event.  Furthermore, CR completion was not significantly 
associated with age, BMI, or percent body fat.  Participants who were actively smoking 
were more likely to drop-out of CR compared to non-smokers.  This is consistent with 
the findings in the Worcester et al. (2004) study.  Individuals who were identified as 
struggling with stress by CR staff were also more likely to drop-out compared to those 
who were not identified with this risk factor.  Drop-out rates were also significantly 
different based on participants’ illness severity, as defined by their risk stratification 
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assignment.  Individuals in the high risk group were more likely to drop-out of CR 
unexpectedly compared to individuals in the moderate risk group.  Participants with 
clinical depression were more likely to drop-out of CR before completing the full 
course of their recommended treatment.  This finding is consistent across multiple 
studies looking at determinates of CR drop-out (Caulin-Glaser et al., 2007).  While the 
presence of clinical anxiety did lead to a higher drop-out rate, the difference was not 
significant. 
Participants’ initial self-ratings of their general health, emotional well-being, 
and rumination all were significant predictors of CR program completion.  The higher 
a participant perceived their overall level of health, the less likely they were to 
complete CR.  This may suggest that participants who continue to view themselves as 
generally healthy even after a significant cardiovascular event may struggle to see the 
need and potential benefits of completing a CR program.  Additionally, emotional 
well-being was a significant positive predictor of CR completion.  The five items that 
compose this subscale ask about symptoms associated with anxiety and depression.  
For example, two items that participants responded to were, “over the past 2 weeks, 
have you been a very nervous person,” and “have you felt so down in the dumps that 
nothing could cheer you up?”  Even though the anxiety and depression specific 
measures did not significantly predict CR completion, it appears that these symptoms 
are still important to monitor and track.   
The final significant predictor in the regression model of CR completion was 
the rumination variable.  Within the regression model, higher levels of rumination 
increased the likelihood of CR completion. While the zero-order correlation between 
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rumination and CR completion was slightly negative and not significant, it became a 
positive and significant predictor variable after taking general health and negative 
affect into account.  The cardiovascular event that prompted a referral to CR may be 
more salient to participants who engage in rumination more frequently.  The presence 
of repetitive and intrusive thoughts about their illness may increase the likelihood of 
program completion since these participants may be worried about their current and 
future health following their recent cardiovascular event.  Individuals who are not 
engaging in ruminating may not see the need for CR since they do not appear to be 
thinking about the potential health effects of their cardiovascular event.  
Fitness 
This study predicted that depression and rumination would influence 
participants’ physical fitness.  As expected, age and gender were significant covariates 
of pre CR 6MWT distance.  Females and older participants walked significantly less 
distance on the 6MWT. Severity of illness was not a significant covariate for pre CR 
6MWT distance.  When investigating both self-rated health and fitness variables and 
psychological variables, participants’ perception of their physical functioning was the 
largest positive predictor of pre CR 6MWT distance.  Considering that the physical 
functioning subscale is specifically designed to estimate each participant’s physical 
capability, it is not surprising that self-rated physical functioning is a significant 
predictor of objective physical fitness.  This provides further support that participants’ 
self-ratings of their physical health and fitness levels are fairly accurate estimates.  CR 
programs can take advantage of this by encouraging patients to frequently report their 
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perceived fitness level in order to track their progress, or lack thereof, while continuing 
to individualize their treatment plan. 
When the self-reported physical functioning variables were excluded, 
depression emerged as a significant negative predictor of pre CR 6MWT distance along 
with gender and age.  As predicted, participants with higher levels of depression 
demonstrated poorer walking performance.  This study did not explicitly investigate 
the mechanisms that explain why individuals who report higher levels of depression 
have poorer walking performance; however, the symptoms of depression such as 
fatigue, psychomotor slowness, and decreased concentration all could make it difficult 
for depressed participants to perform well on the 6MWT.  These results partially 
replicate the findings of a larger study (n = 571) that specifically investigated 
significant determinants of performance on the 6MWT (Ingle, Rigby, Nabb, Jones, 
Clark, & Cleland, 2006).  Ingle et al. (2006) found age, gender, weight, heart rate, 
anxiety and depression to be independent predictors of 6MWT walking performance in 
the absence of any clinical/exercise intervention.  The smaller sample size (n = 51) of 
this current study may explain why weight, heart rate, or anxiety were not significantly 
associated with initial walking performance.  While rumination was also hypothesized 
to predict initial fitness, it was not a significant predictor even after accounting for age 
and gender.  
The largest predictor of walking performance at the end of CR was participants’ 
initial walking performance.  When this variable was taken into account, no other 
demographic, fitness, or psychological variable added to the prediction equation.  
However, when participants’ initial fitness testing was not taking into account, several 
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significant psychological predictors emerged.  Consistent with the initial CR fitness 
test, being older and female again led to lower 6MWT distances.  Negative affect again 
was a significant predictor of walking performance.  Participants’ level of anxiety in 
the middle of CR was the strongest psychological predictor of post CR walking 
performance with increases in anxiety leading to decreased walking performance.  
Participants’ initial level of rumination was also a positive predictor of walking 
performance.   
The inclusion of the rumination and anxiety variables in the regression equation 
indicate the presence of a suppression effect (Conger, 1974).  The individual zero-order 
correlations of the anxiety and rumination variables to post CR walking performance 
were much smaller compared to the standardized betas produced in the regression 
equation.  Thus, the inclusion of these variables together in the regression equation 
substantially increased the overall predictive ability of both of the variables. The large 
correlation between the anxiety and rumination variable (r = 0.75) appears to allow the 
variables to work together in order to explain the post CR walking performance 
variance by decreasing the amount of error variance for anxiety and rumination in 
respect to post CR walking performance.  
Depression, anxiety, and rumination were not significant predictors of walking 
performance improvement after completing CR after controlling for pre CR physical 
fitness, and this result was unexpected.  A study by Egger et al. (2008) found that 
depressive symptoms resulted in less physical improvement following a CR program 
even after taking into account initial physical fitness.  The Egger et al. (2008) study 
also found that anxiety was related to greater improvement in exercise capacity after 
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CR completion.  They believed that the positive relationship between anxiety and 
improvement in exercise capacity was due to anxiety acting as a “motivator [for 
patients] to engage in exercise more intensively.”  While the specific results were not 
duplicated, the overall findings from the current study suggest that negative affect is 
associated with lower levels of fitness at the end of CR.   Furthermore, worry and 
rumination following a cardiovascular event may act as a cognitive process that 
reinforces a participants’ perception of the severity of their cardiovascular disease and 
the need for treatment and CR.  Thus, rumination could contribute to the positive 
fitness outcomes that were observed at the post CR fitness testing. 
Limitations and Future Research 
Because this study is the first to comprehensively investigate the 
interrelationships of demographic, fitness, and psychological variables with outcomes 
in a CR population, many of the analyses were exploratory. Because of this, the results 
need to be replicated and further established.  Because of the large number of variables 
that are known to impact CR outcomes, a large sample is required to properly power 
the analyses when all of these covariates are included.  Furthermore, the substantial 
number of participants who drop-out of CR also decreases the power of the analyses 
used in this study.  Thus, the use of a larger sample across multiple sites would be 
particularly helpful when attempting to replicate the findings from this study. 
The data for this study was collected from a single CR program which included 
a relatively homogeneous sample. It will be important to study these relationships in 
other CR programs to see if the findings generalize to other settings and patient groups.  
A larger multi-site sample would allow for greater power when looking at differences 
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between specific CVD events or other specific subgroups.  For example there were 
only 4 low risk participants in this study.  A larger sample would be able to address the 
specific role of depression, rumination, and other psychological variables in 
relationship to CR outcomes for individuals who are considered to be at either a low or 
very high risk.  Additionally, the sample for this current study was overwhelmingly 
Euro-American.  Different races and cultures may have significantly different 
perceptions and cognitions regarding the severity of their chronic cardiovascular 
disease and the benefits of engaging in a CR program.   
The recruitment procedures for this study required participants to opt into the 
study.  This likely led to a sample that was not truly representative of the overall CR 
population.  It is possible that individuals who were overwhelmed, severely depressed, 
or in very poor heath chose to not participate in the study.  As such, the current sample 
may reflect a healthier group of individuals with a more positive outlook in regards to 
their health.  Future studies would benefit from examining the roles of depression, 
rumination, and other psychological variables on CR outcomes in samples that include 
participants experiencing the full range of medical and psychological pathology. 
Because the purpose of this study focused on variables that predicted CR 
outcomes, no control group was included.  However, it would be incredibly valuable to 
track physical and psychological variables in a group of individuals with CVD who opt 
out of CR.  This would provide a better understanding of how depression, anxiety, and 
rumination following a cardiovascular event may relate to CR participation and overall 
recovery.  Future inclusion of a control group would also provide additional support to 
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the claims about the psychological benefits of CR participation versus non-
participation.  
It would also be beneficial to track the long term outcomes of CR participants. 
It is possible that certain psychological profiles lead to better long term outcomes at 6 
and 12 months post CR completion.  While rumination within a CR setting is 
associated with positive outcomes, the majority of rumination research focuses on the 
negative consequences.  Rumination may help participants complete CR by helping 
them focus on the seriousness of living with CVD.  However, continuous rumination 
following the end of CR may still adversely affect patients’ long term health.  
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Appendix A: Tables 
 
Table 1 
Demographics by Gender 
____________________________________________________________________________________ 
 Overall (n = 51) Male (n = 35) Female (n = 16) 
____________________________________________________________________________________ 
Demographics M  SD M  SD M  SD 
Age 61.3  10.5 60.9  10.2 62.0  11.3 
Weight (lbs.) 195.7  37.9 202.7  33.9 180.6  42.9† 
Height (in.) 67.1  5.0 69.2  4.5 62.8  3.1*** 
Body fat (%) 34.0  10.4 29.9  7.5 41.9  10.9*** 
Body mass index (kg/m^2) 30.1  5.6 29.3 5.2 31.9  6.3 
Gender (M/F) 35/16 
Time since event (days) 23.1  18.2 20.2  16.6 29.1  20.22 
Number of medical events 1.4  0.5 1.5  0.5 1.1  0.3** 
 
Medical Event n (%) n (%) n (%) 
Stent/Coronary angioplasty (PTCA) 25 (49.0) 19 (54.3) 6 (37.5) 
Myocardial Infarction 16 (31.4) 16 (45.7) 0 (0)** 
Coronary artery bypass graft (CABG) 14 (27.5) 11 (31.4) 3 (18.8) 
Valvular insufficiency 12 (23.5) 5 (14.3) 7 (43.8)* 
Cardiomyopathy 2 (3.9) 1 (2.9) 1 (6.3) 
 
Risk Factor 
Smoking (Yes/Previous) 10 (19.6)/8 (15.7) 8 (22.9)/5 (14.3) 2 (12.5)/3 (18.8) 
Dyslipidemia 39 (76.5) 27 (77.1) 12 (75.0) 
Hypertension 33 (64.7) 23 (65.7) 10 (62.5) 
Family history 26 (51.0) 22 (62.9) 4 (25.0)** 
Obesity 14 (27.5) 8 (22.9) 6 (37.5) 
Physical inactivity 13 (25.5) 7 (20.0) 6 (37.5) 
Type II diabetes 8 (15.7) 5 (14.3) 3 (18.8) 
Stress 7 (13.7) 5 (14.3) 2 (12.5) 
Type I diabetes 0 0 0 
____________________________________________________________________________________ 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Demographic Data by Risk Stratification 
____________________________________________________________________________________ 
 Low (n = 4) Moderate (n = 33) High (n = 14) 
____________________________________________________________________________________ 
Program Trajectory n (%) n (%) n (%) 
Number of sessions 12 24 36 
Completed program 4 (100.0) a 22 (66.7) a b 6 (42.9) b 
Finished early 0 (0)  6 (18.2)  2 (1.4) 
Dropped out 0 (0) ab 5 (15.1) a 6 (42.9) b 
Complications due to illness* 0 (0) 3 (9.1) 2 (15.4) 
Adherence (high/low) 3/1 16/17 7/7 
 
Demographics M ± SD M ± SD M ± SD 
Age 61.0 ± 12.7 62.9 ± 10.7 57.4 ± 9.0 
Weight (lbs.) 173.7 ± 15.7 199.23 ± 39.6 193.8 ± 37.9 
Height (in) 71 ± 4.3 67.0 ± 4.0 66.7 ± 6.9 
Body fat (%) 20.8 ± 4.6 a 35.4 ± 10.2 b 35.0 ± 9.7 b 
Body mass index (kg/m^2) 24.3 ± 2.3 a 31.1 ± 5.4 b 29.5 ± 5.8 b 
Gender (M/F) 4/0 22/11 9/5 
Time since event (days) 23.6 ± 9.1 20.7 ± 13.8 29.7 ± 28.3 
Number of medical events 1.3 ± 0.5 1.3 ± 0.5 1.4 ± 0.5 
Number of risk factors 1.75 ± 1.5 a 3.4 ± 1.3 b 3.4 ± 1.7 b 
 
Medical event n (%) n (%) n (%) 
Stent/Coronary angioplasty(PTCA) 1 (25) 16 (48.5) 8 (57.1) 
Myocardial Infarction 1 (25) 9 (27.3) 6 (42.9) 
Coronary artery bypass graft (CABG) 2 (50) 9 (27.3) 3 (21.4) 
Valvular insufficiency 1 (25) 10 (30.3) 1 (7.1) 







 Low (n = 4) Moderate (n = 33) High (n = 14) 
____________________________________________________________________________________ 
Risk Factors n (%) n (%) n (%) 
Smoking (Yes/Previous) 0 (0) a /2 (50.0) a 2 (6.1) a /5 (15.2) ab 8 (57.1) b / 1 (7.1) b 
Dyslipidemia 1 (25)a 29 (87.9) b 9 (64.3) a,b 
Hypertension 1 (25) 23 (69.7) 9 (64.3) 
Family history 1(25) 18 (54.5) 7 (50.0) 
Obesity 0 (0) 12 (36.4) 2 (14.3) 
Physical inactivity 0 (0) 9 (27.3) 4 (28.6) 
Type II diabetes 0 (0) 5 (15.2) 3 (21.4) 
Stress 0 (0) 3 (9.1) 3 (21.4) 
Type I diabetes 0 (0) 0 (0) 0 (0) 
Ejection fracture <40% 0 (0) a 0 (0) a 5 (35.7) b 
____________________________________________________________________________________ 
Note. Superscript denote groupings at a  p ≤ .05 level. Groupings not included if no differences. *This 
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Rotated PCAs and Factor Loadings for Psychological Variables at Three Time Points 
_________________________________________________________________ 
 Component 
 1 2 h2 Measure 
_________________________________________________________________ 
Week 1 0.88 0.24 0.84 RSS 
 0.87 0.11 0.77 RRS-brooding 
 0.87 0.15 0.78 RRS-reflection 
 0.87 0.08 0.76 HADS-anxiety 
 0.85 0.19 0.76 PSS 
 0.83 -0.14 0.71 CRRQ-negative 
 0.74 -0.34 0.66 PSWQ 
 0.74 -0.36 0.67 HADS-depression 
 0.11 0.91 0.84 CRRQ-positive 
var 61.78 13.59   
totvar  75.37   
 
Week 3    
 0.84 0.21 0.66 RSS 
 0.92 0.06 0.71 RRS-brooding 
 0.88 0.24 0.64 RRS-reflection 
 0.84 0.01 0.49 HADS-anxiety 
 0.81 0.08 0.90 PSS 
 0.75 -0.14 0.59 CRRQ-negative 
_________________________________________________________________ 




 1 2 h2 Measure 
_________________________________________________________________ 
 0.64 -0.30 0.84 PSWQ 
 0.72 -0.34 0.85 HADS-depression 
 0.07 0.95 0.76 CRRQ-positive 
var 57.80 13.59   
totvar  71.39   
 
Week 8    
 0.88 -0.05 0.77 RSS 
 0.86 -0.04 0.73 RRS-brooding 
 0.74 0.35 0.67 RRS-reflection 
 0.76 0.39 0.74 HADS-anxiety 
 0.74 0.50 0.80 PSS 
 0.47 0.65 0.64 CRRQ-negative 
 0.71 0.25 0.56 PSWQ 
 0.29 0.82 0.76 HADS-depression 
 0.12 -0.79 0.64 CRRQ-positive 
var 44.40 25.77   
totvar  70.17 
_________________________________________________________________ 
Note. Time 1 N = 51, Time 2 N = 47, Time 3 N = 31. The proportion of each  


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   









   
   
   
   
   
   
   


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Post hoc Comparisons for Change in Ratings by Week 
______________________________________________________________________ 
 Week 1-Week 3 Week 3-Week 8 Week 1-Week 8 
 Mean Change (SD) Mean Change (SD) Mean Change (SD) 
____________________________________________________________________________ 
CRRQ_pos 0.5 (0.5) -0.5 (0.5) 0.0 (0.7) 
CRRQ_neg -1.2 (0.6) -1.7 (0.4)** -2.9 (0.6)** 
HADS_anx -0.6 (0.4) -0.1 (0.4) -0.7 (0.4) 
HADS_dep -1.0 (0.4)* 0.0 (0.3) -1.0 (0.3)* 
PSS -0.9 (0.7) -0.6 (0.8) -1.5 (0.8) 
PSWQ -4.0 (1.3)* 0.3 (1.2) -3.8 (1.4)* 
RRS_brood 0.1 (0.6) -1.0 (0.5) -0.9 (0.5) 
RRS_reflect -0.6 (0.5) -0.5 (0.3) -1.2 (0.5) † 
RSS -1.9 (1.2) -1.3 (1.0) -3.2 (0.4)* 
Composite -8.9 (3.4)* -4.0 (3.0) -12.9 (2.3)** 
_________________________________________________________________________________________________________ 
Note. n = 31. Numerals represent change between weeks.  Bonferroni adjusted pairwise 























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Within Subject Comparison of Pre and Post COOP Scores 
____________________________________________________________________________ 
 Domain Specific Area Mean Change St Error F p 
____________________________________________________________________________ 
Fitness  2.46 0.41 36.88 0.000 
 Change in Health 0.59 0.24 6.08 0.021 
 Daily Activities 0.96 0.22 19.75 0.000 
 Physical Fitness 0.91 0.22 16.99 0.000 
 
Quality of Life  1.39 0.44 9.95 0.004 
 Overall Health 0.43 0.19 5.23 0.031 
 Pain 0.61 0.27 5.23 0.031 
 Quality of life 0.07 0.21 0.73 0.731 
 
Well Being  1.56 0.35 20.06 0.000 
 Feelings 0.78 0.15 25.48 0.000 
 Social Activities 0.70 0.22 10.34 0.003 
 Social Support 0.35 0.18 3.97 0.057 
____________________________________________________________________________ 
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Appendix C: Risk Stratification Guide 
 
The following variables were used to calculate each participant’s risk level. 
Participants who scored less than 6 points were considered “low risk”. Scores of 7-12 






 Points  
Resting systolic blood pressure (mmhg)   
<130 1  
130-150 3  
>150 5 _______ 
   
Low Density Lipoprotein (mg/dl)   
<100 1  
100-130 3  
>130 5 _______ 
   
Type I or II Diabetes    
No 0  
Yes 1 _______ 
   
Smoking Status   
Never smoked/quit more than 6 months ago  1  
Quit less than 6 months ago 3  
Actively smoking 5 _______ 
   
Six Minute Walk Distance (ft)   
>1400 1  
1000-1399 2  
<1000 3 _______ 
   
Body Mass Index (kg/m2)   
<27 1  
27-29 2  
>30 3 _______ 
   
Ejection fraction (%)   
<40 13 _______ 




  Sum = _______ 
145 
Appendix D: Flowchart of Participant Outcomes 
 
 
Note. * 3 participants refused to take the survey at week 8 but remained in the study. 
Patients referred 
for CR  (n = 80)
Did not meet inclusion criteria




Initial CR interview and initial fitness testing 
(n=51)
Moderate or high risk stratification
(n = 47)
Week 1 psychology survey
(n = 47)
Drop-out = 2
Early termination = 2 
Week 3 psychology survey
(n = 43)
Drop-out = 5
Early termination = 4 
Week 8 psychology survey*
(n = 31)
Drop-out = 4
Early termination = 2
Completed full CR= 25  
Low risk stratification 
(n = 4)
Week 1 psychology survey
(n = 4)
Week 3 psychology survey
(n = 4)
Completed full CR 
(n=4)









Appendix E: Rand SF-36 Domain Questions 
 
Physical functioning items: For each question, read all the possible answers and check  
the most accurate one for the past two weeks.  
Vigorous activities, such as running, lifting heavy objects, strenuous sports 
Moderate activities, such as moving a table, pushing a vacuum, bowling, or 
playing golf  
Lifting or carrying groceries  
Climbing several flights of stairs  
Climbing one flights of stairs  
Bending, kneeling, or stooping  
Walking more than a mile  
Walking several blocks  
Walking one block  
Bathing or dressing yourself  
 
Role limitations due to physical health: During the past 2 weeks, have you had any of 
the following problems with your work or other regular daily activities as a result of  
your physical health? 
Cut down the amount of time you spent on work or other activities   
Accomplished less than you would like   
Were limited in the kind of work or other activities    
Had difficulty performing the work or other activities (for example, it took 
extra effort)  
 
Role limitations due to emotional problems: During the past 2 weeks, have you had any 
of the following problems with your work or other regular daily activities as a result of  
your physical health? 
Cut down the amount of time you spent on work or other activities    
Accomplished less than you would like    
Didn't do work or other activities as carefully as usual  
  
147 
Energy/fatigue: These questions are about how you feel and how things have been with 
you during the past 2 weeks. For each question, please give the one answer that comes  
closest to the way you have been feeling. 
Did you feel full of pep?  
Did you have a lot of energy?  
Did you feel worn out?  
Did you feel tired?  
 
Emotional well-being: These questions are about how you feel and how things have 
been with you during the past 2 weeks. For each question, please give the one answer  
that comes closest to the way you have been feeling. 
 Have you been a very nervous person?  
 Have you felt so down in the dumps that nothing could cheer you up? 
 Have you felt calm and peaceful?  
 Have you felt downhearted and blue?  
 Did you feel worn out?  
 
Social Functioning: No prompt 
 During the past 2 weeks, to what extent has your physical health or emotional 
problems interfered with your normal social activities with family, friends,  
neighbors, or groups?  
 During the past 2 weeks, how much of the time has your physical health or 
emotional problems interfered with your social activities (like visiting with 
friends, relatives, etc.)?  
 
Pain: No prompt 
 How much bodily pain have you had during the past 2 weeks? 
 In the past 2 weeks, how much did pain interfere with your normal work? 
 
General Health: How TRUE or FALSE is each of the following statements for you? 
  I seem to get sick a little easier than other people.  
 I am as healthy as anybody I know.  
 I expect my health to get worse.    
My health is excellent.  
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